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PREFACE. 


It has been the author’s endeavour to carry out in this 
supplementary or second volume of Budimentary Mag- 
netism the design specified in the Preface to Parts I. 
and II. ; that is to say, an extension of elementary principles 
to an important class of natural magnetic phenomena, inti- 
mately connected with the physical universe, and with the 
prosperity and advancement of civilized life. Keeping in 
view the professed rudimentary character of the series of 
publications of which these volumes constitute a part, the 
author has thought that no kind of auxiliary information 
calculated to assist the student to a clear comprehension of 
the matter immediately before him should be considered as 
out of place in this work, however elementary and simple its 
character ; so that the necessity of consulting other w^orks, 
which may not always bo at hand, may be as far as possible 
avoided. This, it is presumed, will be admitted as a sufficient 
ground for having in some instances referred to explanatory 
notes, which by the more advanced reader may be considered 
superfluous. 

W. S:now Harris. 

Plymouth, February, 1852. 
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LAWS or MAGNETIC FORCE. 
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173. The wonderful influence of Magnetism as a physical 
agent would necessarily lead to an investigation of the laws 
by which its operations are regulated. The first and most 
obvious step in such an inquiry would be the general law of 
change in the effective force of Magnetism, as the distance 
at which it acts is varied, or, in other words, to find accord- 
ing to what law two magnetic particles attract or repel each 
other magnetically, as the distance between them is increased 
or decreased. 

But, before entering upon this question, it may not be 
unimportant to the student to review briefly the numerical 
and mathematical elements essential to the progress of such 
an investigation. 

174. We have first to observe, — That when any two quan- 
tities are so linked together that one of them cannot be 
changed in any degree without some relative change taking 
place in the other, then the one quantity is said to vary in 
some particular ratio of the other, either directly or in- 
versely. 
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Suppose, for example, the power of a magnet to increase , 
when that peculiar condition of its molecules, which we 
term magnetic, becomes exalted, or reciprocally to decrease 
when that condition becomes depressed, then the force is 
said to vary in some proportion of the magnetic intensity 
directly . In this case, the two quantities both increase or 
decrease together. Again, the magnetic condition being 
the same, suppose the attractive force to increase, when 
the distance of its action is diminished, or to decrease 
when that distance is increased . In this case, the force is 
said to vary in some proportion of the distance ; inversely, 
since one of the quantities increases as the other decreases ; 
or conversely, one decreases as the other increases. We 
may, however, as is evident, have a great variety of dif- 
ferent relative proportions, according to which such changes 
may ensue. It might be, for example, that when we 
doubled the exaltation of the magnetic condition, the force 
of the magnet would be also doubled, or it might be quad- 
rupled, or increased in any other direct proportion, in 
which case the force would be said to vary, as the first, 
second, third, &c ., powers of the magnetic intensity, as the 
case may be ; and this also applies to the several inverse 
ratios as it respects the force, and distance of its action.* 

* Not to leave anything connected with these inquiries unexplained, we 
venture to remark : — 

That the successive multiplication of any given number by itself consti- 
tutes what have been termed powers of that number. Take, for example, 
the number 4, and multiply it by 4 ; then we have, adopting the common 
arithmetical signs 4 x 4 = 1G. We have here two factors, producing 16; 
hence 16 is said to be the second power of 4, usually called the square 
of 4. 

In like manner, again multiplying by 4, we have 16x4 = 64, which, 
being the same as 4 x 4 x 4, gives three factors ; hence 64 is termed the 
third power of 4, commonly called the cube of 4, and so on. 

Such powers are represented by a small figure, called an index, placed 
at the head of the given number ; thus, we may write successive powers of 
4 thus— 


4 2 , 4 3 , 4\ 4 5 , 4 6 , &c. ; 



INYEBSE RATIOS. 


3 


175. Taking the inverse or reciprocal proportions, as being 
in the present inquiry well adapted to further explanatory 
illustration, we have to observe, — First. That when the force 
decreases in precisely the same inverse proportion as the 
distances increase, or reciprocally ; that is to say, if at half 
the distance the force be twice as great, at one-third the 
distance three times as great, and so on ; then the force is 
said to vary in the inverse simple ratio, or first power, of the 
distance, since we take the simple numbers, 1, 2, 3, &c. to re- 
present the increase of the force. Supposing, however, that 

thereby showing that 4 is multiplied into itself 2, 3, 4, &c. times. We 
may observe here, that in taking the indexes in the reverse direction, 6, 
5, 4, 3, 2, &c., we should fall back upon 1, and even upon zero or 0, and 
hence arrive at 4 1 and at 4°, that is, 4 raised to the first power, and 4 raised 
to the power of nothing ; so that 4 taken as a single factor may be con- 
sidered as the first power of 4. With respect to 4°, or any other number 
whatever, raised to the power of 0, its value is always unity or 1, as is seen 
in any of the ordinary works on Algebra. Taking a to represent any 
number whatever, we have hence the following series : — 
a 0 , a\ a 2 , a 3 , a 4 , &c. 

When we again revert to the number, from which any given power has 
been obtained, we are said to extract the 2nd, 3rd, 4th, &c., root, as the 
case may be. Thus, the third root of 64 would be 4, since, as just re- 
marked, 4x4x4 = 4 3 = G4, so likewise, the second root of 16 would be 4, 
since we have 4 x 4 = 4 a = 16 ; the second root has been called the square 
root, the third root the cube root. 

In like manner, vre have the 5th root of 32 = 2, since 2x2x2x2x2 = 
2 s =32. 

These roots are often represented by a fractional index, that is, by 
dividing the index of the power by the index of the root we wish to 
extract. Thus the square or 2nd root of 3 to the first power may be ex- 
pressed thus, 3* ; the cube or 3rd root of 5, by 5*, the square root of the 
5th power of 2 by 2^, and so on. In this sense we are said to raise the 
given number to the power of $ or or as the case may be. 

Commonly, such roots are represented by the index of the given root, 

placed within the sign , thus, for the cube root of 3, we write a/ 3, for 

the 5th root of 2 V2. In thus representing the square root of any given 
number, the small figure for the index is commonly omitted; thus, for 

square root of 9, we write simply */ 9. 
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at one-half the distance the force becomes four times as great, 
at one-third the distance nine times as great, and so on. In 
this case the force would be said to vary in the inverse dupli- 
cate ratio, or second power of the. distance, since, to repre- 
sent numerically the increase of the force, we must multiply 
the numbers 1, 2, 3, &c., into themselves, taking their second 
powers or squares. In a similar way, cases may arise in 
which the increase or decrease of the force is such as to 
require the third power or cubes of the numbers 1, 2, 3, 4, 
&c., to complete the proportion. This would arise when, at 
half the distance, the force had increased 8 times, at £ the 
distance, 27 times, and so on. In this case the law of the 
force is said to be as the cubes of the distances inversely, 
or in the inverse triplicate ratio of the distances ; and thus 
we may continue for any other powers of the numbers 1, 2, 
3, &c., so as to express laws of force in the inverse ratio of 
the 4th, 5th, 6th, or any other powers of the distance, did 
such forces exist. 

A similar reasoning applies to forces increasing or de- 
creasing in any inverse proportion less than that of the mere 
distance, as in the case of a force becoming doubled at i the 
distance ; trebled at a the distance. In this case the force 
would be said to vary inversely as the square roots of the 
distance, since we must take the square roots of the numbers, 
1, 4, 9, &c., to fulfil the proportion. In this way we ex- 
press the law of force for any other roots of the distances, 
such as the cube, or 3rd root, the 4th root, &c. ; and since 
these roots are mathematically denoted by fractional indexes, 
we may consider such forces as being in the inverse ratio of 
the i, 4 » &c., powers of the distances. 

176. We may further extend this inquiry to cases of roots 
of the simple or other powers, such, for example, as the 
square root of the cube of the distance, being, as expressed 
mathematically, the cube of the distance raised to the power 
of An inverse proportion of this kind has been termed 
“ sesqui plicate,” and would apply to a case in which, by 
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decreasing the distance to £, £, Ac., the force becomes about 
3 times and 5 times as great, or very nearly. In like maimer 
we may obtain forces varying in the inverse ratio of the 
square roots of the 5th powers of the distances, termed, 
“ sesquiduplicate,” and which applies to a case in which, by 
reducing the distance to £, &c., the force becomes 

increased between 5 and 6 times, and between 15 and 16 
times, and 32 times respectively. In this way almost any 
observed experimental results, demonstrative of any parti- 
cular law of force, may be mathematically represented. 

177. The particular inverse ratio comprised in a series of 
experimental numerical results of this kind may be easily 
discovered by a slight inspection, since the forces multiplied 
by the simple or some other power of the corresponding 
distances should, in each particular case, give the same pro- 
duct. Thus, if at distance 12 the force were 8 ; at distance 
one-half or 6 the force became 16, we have in this case 
12 x 8=6 x 16=96, a simple inverse proportion ; but if at 
distance 12 the force were 8, and at distance 6 the force 
became 32, then to obtain a coincident product, we must 
take the second powers or squares of the numbers 12 
and 6, and we should then have 12 2 x 8 = 6 2 x32, or 
144x8=36x32=1152. In the case of direct proportion 
the products are differently circumstanced.* 

178. We have been desirous to place this question (173) 

* A complete apprehension of these practical researches and propor- 
tions being essential, the following numerical examples may not be alto- 
gether uncalled for : — 

Let the distances be taken in some unit of measure, say tenths of an 
inch, and the corresponding forces in any other unit of measure, say 
degrees of an arc, as in the way described, Parts 1. and II. sec. 128, and 
represented, Fig. 71, Frontispiece. 

Suppose as a first example, we had obtained the following results : — 

At distances 12- 6* 4 

The forces are 5 10 15 

Here we have the inverse simple proportions, — 5 : 10 :: 6 : 12, and 
5 : 15 ::4 *. 12, and 10 : 15 :: 4 : 6. Product of distances and forces = 60. 

b 2 
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before the student in a simple and intelligible form, princi- 
pally on account of the great importance of such inquiries 

As a second example, let the results be — 

At distances 12* 6* 4 

Forces 2' 8 18 

Here we have an inverse duplicate ratio, or square of the distance, fur- 
nishing the proportions— 

2 : 8 :: 6* : 12*, and 2 : 18::4* : 12 s , and 8 : 18:: 4* : 6*; 
that is 2 : 8 : : 36 : 144, and 2 : 18 : : 16 : 144, and 8 : 18 : : 16 : 36. 

Product of forces by squares of the distances, 288. 

As a third example, suppose the experimental numbers were — 

At distances 16 and 4 

Forces are 2 ,, 128 

This would furnish a proportion inversely as the cube of the distance, 
and we should have — 

2 : 128 :: 4 3 : 16 3 ; that is 2 : 128 :: 64 : 4096. 

Product of forces by cubes of the distance, 8192 ; 
and so on for other changes of distance, or any other powers. 

Let now the results be — 

At distances 16 and 4 

Forces 3 „ 6 

In this case we should have a proportion in the inverse ratio of the square 
roots of the distances, and we should obtain the inverse proportion — 

3 : 6 : : 4^ : 16^ ; that is 3 : 6 : : 4 : >/ 16, or 3 : 6 : : 2 : 4 ; 

Product of forces by square root of the distances =12. 

Again, let distances and forces be thus — 

At distances 27 and 8 

Forces 6 ,, 4 

Here we have the inverse proportion of the third or cube roots of the 
distances, and we obtain — 

6:4:: 27* : 8* ; that is 6 : 4 : : V 27 : (/», or 6 : 4 :: 3 : 2. 

Product of forces by third roots of distances =12. 

And so on for any other roots. 

The following are examples of sesquiplicate and sesquiduplicate inverse 
proportions, being fractional powers or roots of powers. 

Suppose that — 

For distances 12 6 4 

Forces were 5 14*2 26 
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to the general progress of science and theoretical knowledge. 
Thus Newton demonstrates, in his great work, “ The Prin- 
cipia,” that if the particles of common matter act on each 
other with a force varying in the inverse proportion of the 

Here the forces are in inverse proportion to the square roots of the cubes 
of the distances, or in inverse sesquiplicate proportion, and we obtain such 
a proportion as this, for distances 12 and 6. 

5 : 14-2 :: 6v : 12t; that is 5 : 14*2 :: \/6 3 : s/u*, or 
5 : 14-2 :: \/2l6 : VT728, or 5 : 14-2 :: 14-7 : 41*5 nearly. 

Product of forces by square roots of cubes of distances =*208 nearly. 

A similar proportion is evident for the remaining forces and distances. 

As a last example — 

Let distances be 12 6 3 

And forpes 4 22*5 128 

Here the forces are in an inverse sesquiduplicate proportion, or in an 
inverse proportion to the square roots of the 5th power of the distances, 
and we obtain for distances 12 and 6 the following : — 

4 : 22-5 : : 6i : 12?, or 4 : 22-5 : : V / 6 J : V'lF; that is 
4 : 22-5 :: Vfm : ^248832, or 4 : 22'5 :: 88-5 : 499 nearly. 
Product of forces by square roots of 5th powers of distances =1996 nearly. 

The numerical operations in these examples have been taken as the 
numbers stand, without regard to any further reduction ; but, as will be 
evident on examination, the arithmetical processes may be made smaller by 
taking the ratio of the distances and forces, instead of the distances and 
forces as given by experiment, when that can be done conveniently. 

In cases of direct proportions the products are obtained by a method 
the reverse of this. We then multiply the terms crosswise, as it were. 
Suppose, for example, in three experiments, in which the magnetic inten- 
sity varied, we had obtained the following : — 

Magnetic intensity 1 2 3 

Force 4 8 12 

In this case of direct proportion the magnetic intensity is not multiplied 
into its corresponding force, but into the force of the intensity with which 
it is compared. Thus, comparing intensity 1 with intensity 3, we have 

1 x 12 = 4 x 3=12; or, comparing intensity 2 with intensity 3, we have 

2 x 12 = 8 x 3 = 24, passing on crosswise of the table. In fact, we have 
here 1 : 3 : : 4 : 12, or 3x4 = 1 x 12 ; also 2 : 3 :: 8 : 12, or 3x8 = 
2 x 12 ; and this applies to direct ratios involving powers or roots, as 
before. 
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squares of their distances, then the sensible action of hollow 
or solid spheres on each other will be the same as if all 
the matter of which they consist were collected in their 
centres, and that a particle placed anywhere within them 
would be in equiiibrio, and not tend to move in any one 
direction ; which he shows could not be the case under any 
other law of force. So, likewise, if the hidden source of 
electrical and magnetic phenomena be, as many suppose, a 
subtile elastic fluid of a specific kind, then, as was observed 
by the Honourable Henry Cavendish, in some of his manu- 
scripts, such a fluid would be similar to air, if the repulsive 
force between the particles were inversely as any power of 
the distance greater than 3, only that the elasticity would be 
inversely as the n + 2 power of their distances, or as the 
7i 4 - 2 

— - — power of the density of the fluid ; n being any 

number exceeding 3. But if n be equal to or less than 3, 
such an elastic fluid would be very different from that of air. 
Again, the times in which the planets revolve about the sun 
are in a sesquiplicate ratio of their distances from the 
centre, and not in a duplicate ratio. Hence, observes 
Cheyne, they “ cannot be carried about by an harmonically 
circulating fluid,” as was supposed by some of the ancient 
philosophers. 

We may further remark in respect of Magnetism, that 
the force by which a magnetic needle is drawn towards its 
meridian when deflected from it (21), or towards a magnet, 
increases as the sine of the angle of the obliquity of action 
directly. Hence, as observed by Professor Eobison, we 
cannot pretend to explain the action of a magnet by the 
impulsion of a stream of fluid, or by pressure arising from the 
motion of such a stream ; for in this case the pressure on the 
needle must have diminished directly, as the square of the sine 
of the angle, at which the magnetic force operates on the 
needle. For example, the force at a right angle, or 90 de- 
grees, should be 4 times greater than the force at an angle 
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of 30 degrees, whereas it is found to be only twice as great ; 
being simply as the sines of the angles. It is, therefore, by 
the determination of the laws of such forces that we are 
enabled to advance our knowledge of the powers of nature. 

179. Beside these preliminary explanations (173), there 
remain still to be considered one or two additional points 
equally essential to an intelligible and plain view of the 
questions involved in such inquiries, and the real sense in 
which we are to accept such expressions of the law of varia- 
tion of certain forces as we have just citeJ (173). 

To suppose any effect to be as the square or cube of its 
cause, either directly or inversely, is to suppose the effect to 
proceed partly from the cause and partly from nothing. Bor 
there is no axiom in Physics more evident than that which 
assigns between cause and effect a simple relation ; any ex- 
pression, therefore, which represents a force as being in any 
inverse ratio of a power of the distance greater than unity, 
may at first appear to involve an absurdity. We may hence 
infer that, when by experiment we have arrived at such a 
conclusion, the result is either a mixed result, compounded 
of two or more conjoined actions, or it is a result resolvable 
into some elementary condition of a simple kind, depending 
on the peculiar kind of agency upon which the exhibition of 
force depends. Take, for example, the following case of a 
central force, or emanation of pig. 93 . 

any kind, extending its power 
in all directions into space, 
and hence becoming weaker 
in proportion to the surface of 
the spaces over which we may 
suppose it to expand. Let c m 
(Fig. 98) represent such a 
central action ; suppose, for 
example, a central source of 
light considered as luminous 
matter by way of illustra- 
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tion. Let a b d, m n p, be two great concentric circles, 
representing two concave hemispherical shells, whose 
centre c is the point of illumination, and whose radii 
c a and c m are to each other as 1 : 2 ; or, in other words, 
that point n is twice as far from the centre c as the point b. 
If in this case we take any two homologous segments, bg,nh, 
of these shells, it is clear that the segment- n h will have four 
times the area of the interior similar segment b g ; because 
the superficial areas of such shells will be in proportion to 
the squares of the diameters of their great circles m n p, 
and a b d, and these are supposed in this case to be as 1 : 2 ; 
so that the quantity of luminous matter (supposing light to 
be a material agency) w hich has emanated from the centre c, 
and fallen upon these shells, will in the outer shell n become 
distributed over 4 times the space, it would occupy, on the 
interior shell b ; that is to say, in any one point, there will 
be only £ the quantity of light : hence the illumination of 
the arc n h will only be £ of the illumination of the arc b g ; 
that is to say, the illumination will be directly, as the quan- 
tity of light in a given space, a simple relation of cause and 
effect. When, however, we refer this effect to the distance 
from the centre c, we perceive that the distances being as 
2 : 1, the illumination of the whole of each shell is as 1 : 4. 
And thus light as a physical agency has been said to vary in 
intensity in the inverse ratio of the squares of the distance 
from the centre, in the way j ust explained (174); but the fact 
is, that the illumination of an equal area in each shell is 
directly as the quantity of the agency producing it.* 

180. Again, in the cases of such powers as those of Mag- 
netism and Electricity, we have to consider many conjoint 

* The term intensity is really inapplicable here : it is a term, in 
science, only distinctive of quality, or of different states or degrees of 
power of the same agent ; as when we say the heat of a red-hot iron is 
more intense than the heat of boiling water, or that moonlight is less 
intense than the light of the sun. Taking a particle of light from the 
same source, we have no reason for supposing it in a different state of 
intensity at different distances from the centre of illumination. If such 
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actions (33, 37). A magnet and common iron only operate 
on each other through the medium of a reciprocal induc- 
tion (35) ; (38) when we change the distance of their 
action, we change at the same time the original condition 
or quantity of force in operation ; so that we may conceive 
the total force of attraction to depend on the force induced 
in the iron (33) conjoined with the reciprocal induction on 
the magnet (37) ; and it may be here remarked, that in the 
apparent anxiety of philosophers to bring such forces in- 
discriminatively under the common law of gravity, and other 
central forces, they have probably encouraged a rather hasty 
generalization. All the forces in nature are not necessarily 
central forces, they may arise out of peculiar conditions of 
common matter, of which we have as yet but an indistinct 
notion, and be exerted between given points in determinate 
directions only, as appears to be indicated in Pig. 17, p. 24, 
Parts I. and II. ; we have yet to learn, therefore, whether 
the force of Magnetism comes under the general conditions 
of ordinary central forces or not. 

181. Newton, in his learned and profound work, “The 
Principia,” considers magnetic force as being very different 
from that of gravity : — “ The magnetic attraction is not (he 
says), as the matter attracted ; some bodies are attracted 
more by the magnet, others less ; most bodies not at all. 
The power of magnetism in one and the same body may be 
increased and diminished, and is sometimes far stronger for 
the quantity of matter than the power of gravity ; and, in 
receding from the magnet, decreases not in the duplicate, 
but almost in the triplicate proportion of the distance, as 
nearly as I could judge from some rude observations.” — 
Booh iii., JProp. 6. 

In the 23rd proposition of the Second Book, sec. 5, 
Newton imagines that, in magnetical bodies, “ the attractive 

were the case, both the quantity of light in a given space, and its intensity 
also, would change with the distance, and the illumination would then 
decrease much faster than that of the inverse squares of the distances. 
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virtu© is terminated nearly in bodies of their own kind that 
are next them.” “ The virtue of the magnet,” he says, “ is 
contracted by the interposition of an iron plate, and is 
almost terminated at it, for bodies further off are not so 
much attracted by the magnet as by the iron plate.” The 
experiments we have adduced (38), Fig. 29, have immediate 
reference to this observation. 

182. Of the early experiments instituted with a view of 
determining the laws of magnetic forces, we have to notice 
first those of Hawksbee, printed in the Transactions of the 
Boyal Society for the year 1712, vol. 27. A short needle, 
one inch in length, being poised on a fine point, fixed in the 
centre of a graduated quadrant, a natural magnet was placed, 
with one of its poles within certain measured distances of 
the centre of the needle, and the corresponding deviations 
of the needle from the meridian, noted in a way similar to 
that described, Parts I. and II., page 121, sec. 134, Eig. 82. 
The results have not generally been considered very satis- 
factory or regular ; it is, nevertheless, Aiprthy of remark, that, 
taking the tangents of the angles of deviation, corresponding 
to distances, which may be considered as very great in 
respect of the length of the needle, on the principles already 
laid down (134), then Hawksbee’ s results will be found 
consistent with each other, and, according to a law of force, 
varying in the inverse sesquiduplicate ratio (176) of the dis- 
tances, as shown in the following analysis of the results : — 

Distance in inches . . 12 18 24 30 36 42 48 54 60 
Angles of deviation ..69 43-30 24 13-30 8-45 5-30 3-50 3 2-30 
Tangents of deviation . 2 '6 *948 :445 *240 *153 *096 *067 *052 *043 

T akin g these tangents as representing the forces, they will 
be found all very nearly in the inverse proportion of the 
square roots of the 5th powers of the distances, in some 
cases precisely .* 

* In such experiments as these, we must recollect, that angles do not 
enter into ordinary calculation, except through the medium of certain 
lines taken to represent them. These lines have been termed sines, 
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188. Dr. Brook Taylor, in following up this method of 
experiment, was led at first to infer, “ That the power of 

tangents, secants, &c. It may not be out of place to recall briefly to the 
student’s attention the nature of the two lines with which we are here 
especially concerned ; viz., the tangent and sine of an angle. 

Every angle a c b, Fig. 99, is measured 
by an arc a n b of a circle a b f, contained 
between its sides, and described from its 
point or vertex c as a centre. The line a b 
joining the extremities of the arc being called 
the chord of the arc. 

Now a perpendicular line b a, drawn from 
the extremity b of the radius c b, forming 
one of the sides of the angle, directly upon 
the other side c a, has been termed the sine 
of the angle a c b ; the length of this line, as is evident, will be greater or 
less as the angle a c b is greater or less. 

Again, the line a d drawn perpendicular to the radius or side c a, upon 
the extremity a, and meeting the side c b, continued on to meet a din 
the point d , has been termed the tangent of the angle a c b. This line 
also will increase and decrease with the magnitude of the angle. 

If the radius c a be taken as unity, and be supposed to be divided into 
any number of parts, say 1000, or 10*000, or 100*000, then these lines, as 
applying to a given angle, will be found to contain a certain number of 
these parts. Thus, if we call radius a c— 1, or unity, and divided, say 
into 100 parts, then if the angle a c b be *0°, the sine b a will be one- 
half the radius a c, will contain 50 of these parts, and will be represented 
by *5 ; the tangent a d will, in this case, contain about 57 parts, and will 
be represented by *57. Now it is these numbers, as calculated and 
arranged in tables, with which we have to do, and ribt immediately with 
the angles themselves. 

As all these lines, and the principles of their construction and use, 
are to be found in our elementary mathematical works, we will not 
longer dwell on them here. ( See “ Rudimentary Plane Trigonometry,” 

p.8.) 

Comparing distances 12 and 24, which are as 1 : 2, we have 
2*6 : *445 : : 2$ : 1 :: 5*65 : 1, or 5*65 X *445 = 2*6, or 2*5 = 2*6 nearly. 

Take again distances 12 and 18, which are as 2 : 3, here we have 
2*6 : -948:: 3* : 2*:: 15*5 : 5*65, or 5*65 x 2*6=15*5 x *948 ; 

= 14*6 nearly. 

In a similar way, the products for distances 30 and 60 are *246= *246 ; 

C 


Fig. 99. 
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magnetism does not alter according to any particular law of 
the distances, but decreases much faster in the greater dis- 
tances than in the near ones.”* By subsequent and similar 
experiments, however, instituted by Whiston, Brook Taylor, 
and Hawksbee, conjointly, “ the attractive power of the load- 
stone was found in the inverse sesquiduplicate ratio of the 
distances ” (176). In these experiments they measured the 
forces by the sines of half the arcs of deviation, to which 
they endeavour to show the “ force is always proportional.” 

184. About this period, experimental philosophy began to 
make considerable advances in Holland, and to excite very 
general interest ; we consequently find the Dutch philoso- 
phers contributing largely to our knowledge of this branch 
of physics. The celebrated Muschenbroek instituted some 
experiments in 1724, the object of which was to find experi- 
mentally the law of magnetic attraction by the method of 
weights (125). Having suspended a spherical magnet from 
one arm of a balance, and poised it by weights suspended 
from the opposite arm, he placed a similar magnet immedi- 
ately under it, and then proceeded to find the additional 
weights requisite to balance the attractive force at given 
distances between the opposed poles. These distances were 
regulated by raising or depressing the beam of the balance 
by means of a line passing over a pulley, and by which it 
was supported. The numerical results of the experiments 
were considered # so unsatisfactory, as to lead to the conclu- 
sion that “ no assignable proportion ” exists between the 
forces and the distances, whether of attraction or repulsion, 
and “that magnets are indeed very surprising bodies, of 
which we know but little.”f 

for distances 12 and 36 we have 2*4 = 2*6, which may in each case be 
considered as sufficiently near. 

The greatest inequality appears to be for distances 18 and 54, being 
•948=* *814; all the others approach as nearly an inverse sesquiduplicate 
ratio as can be expected from the nature of the experiment. 

* Phil. Trans, for 1721. f Ibid, for 1725. 
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185. In the “ Introduction to Natural Philosophy,”* 
however, by Muschenhroek, we find the subject more satisfac- 
torily investigated and pursued, the results being such as to 
demand very especial attention. The method of experiment 
did not materially differ from the former. The following 
cases comprise the amount of the investigation : — 

First case . — Attractive force between a magnetic ^ 100 
and iron cylinder. In this experiment a cylin- 
drical magnet, p, Pig. 100, two inches in length, and 
about *95 of an inch in diameter, was suspended 
over an equal cylinder of soft iron, n. and the 
attraction at different distances, p n, noted. The 
results were as follow : — 



Fig. 101. 


Distance in tenths of an inch 6 4 3 2 1 0 

Force in grains 3 5 6 9 18 57 

Muschenhroek observes, on this experiment, that 
the attractive forces are inversely as the intercepted 
cylindrical spaces, p n, that is, inversely as the dis- 
tances (174), the law is uniform up to contact, or nearly so. 

Second case . — Attraction between a spherical 
magnet and a magnetic cylinder. In this expe- 
riment a spherical magnet, *, Fig. 101, was sus- 
pended, with its north pole, a, downward, and a 
cylindrical magnet, t, of the same diameter, viz., 

*95 of an inch, placed with its south pole, b , 
upward, immediately under it, the poles being 
in one straight line. The following were the 
results : — 



Distance in tenths. ... 6 4 3 2 1 0 

Force in grains 21 34 44 64 100 260 ' 

We may conceive, says Muschenhroek, “ The 
sphere (*) to be in a. hollow cylinder (t s), and let down at 
various distances (a b) from the cylindrical magnet. Then, 
considering the intercepted spaces (t s), the attractions 
will be found in the inverse sesquiplicate ratio of these 
* Translated by Colson, in 1744, for the use of the Universities. 
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spaced, that is, inversely as the square root of the cubes of 
the spaces” (176). In referring the distances, however, to 
the near point, a, of the sphere, still the law does not very 
materially differ from the former case, being approximately 
in the inverse simple ratio of the distance, a b. 

Third case. — Attraction between a magnetic sphere and a 
cylinder of iron of the same diameter = 95 of an inch. In 
this experiment, a cylinder of iron, b, Fig. 101, was placed 
under the north pole, a, of the spherical magnet, s, this 
cylinder being the same as used in the first case. The fol- 
lowing were the results : — 

Distance in tenths .... 6 4 3 2 1 0 
Force in grains 7 15 25 45 92 340 

Muschenbroek, in referring the forces to the intercepted 
spaces ( t s) as before, deduces the same law as in the former 
case ; if, however, we refer the forces to the distance, a b, 
we find no regular law. The first three forces are inversely 
as the squares of the distances, or very nearly ; the forces 
corresponding to distances 4 and 2 are in the inverse sesqui- 
plicate ratio of the distances ; this is also evident at distances 
6 and 1. At the smaller distances, 2 and 1, the force is in- 
versely as the simple distance, very nearly. At distances 
6 and 2 no law is apparent. 

Fourth case . — Attraction between a magnetic 
and iron sphere of equal diameters. In this ex- 
periment, a globe of iron, b, Fig. 102, was placed 
immediately under the north pole, a, of the sus- 
pended spherical magnet, s. The forces and 
distances in this case stood thus : — 

Distance in tenths ..8 6 4 3 2 1 0 

Force in grains 1 3*5 9 16 30 64 290 

It is remarked by Muschenbroek, in this case, 
that if “we suppose both the spheres to have 
been included in a hollow cylinder (t s), and to 
be removed from one another at various distances, and the 


Fig. 102. 
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intercepted hollow spaces (t s) to be considered ; then we 
find the law in a reciprocal biquadratical ratio of the inter- 
cepted spaces ; that is, inversely, as the 4th powers of the 
intercepted spaces (174). If, however, we refer the forces 
to the nearest points of distances, a b, we have all sorts of 
inverse proportions for the law of the force ; thus, the forces 
at distances 8 and 4 are inversely as the 3rd power, or 
cubes of the distances, or very nearly ; at distances 8 and 1 
they are, inversely, as the second power or square of the 
distance ; and this law holds approximative^ for the forces 
at distances 6 and 4, for 6 and 3, for 6 and 2, and 4 and 3, in 
which last case it is exact. 

At distances 8 and 2 the forces are as the square roots of 
the fifth powers of the distances inversely (176). Taking 
the near distances, 2 and 1, we have the forces nearly in the 
simple inverse ratio of the distances ; whilst, at the distances 
6 and 1, as also 4 and 2, the law approaches the inverse 
sesquiplicate ratio of the distance, that is, the square root of 
the cubes of the distances (176). 

186. These results are not only curious, but they are 
really calculated, when properly considered, to throw very 
considerable light on the nature and mode of operation of 
magnetic force, as we shall presently see ; and it is to be 
greatly regretted, that more attention has not been commonly 
bestowed on them. Muschenbroek’s researches are usually 
quoted without due precision, and without any adequate 
explanation of the author’s own peculiar deductions ; they 
have been also not unfrequently treated lightly as furnishing 
no solid information whatever, from assumed imperfections 
in the nature of the experiments themselves. 

187. We may infer, by the second and third cases, 
in which the force at contact, between a cylindrical and 
a spherical magnet, and the force between a similar cylinder 
of iron and the same spherical magnet is given, that 
when actually touching, a magnet does not attract another 
magnet so forcibly as it attracts simple iron, the force being, 
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ia the one instance 260 grains, in the other 340 grains. The 
force, however, between the two magnets, diminishes less 
rapidly as the distance is increased, and would hence begin 
from a more remote point. 

188. In the “ Essai de Physique,” printed at Leyden, in 
1751, Muschenbroek* more expressly refers to his early expe- 
riments in 1724, and although they led to no general conclu- 
sions, yet they furnish most important examples of the 
operation of magnetic forces under the given conditions. 
The following table, for example, contains the results of a 
series of observations on the force of two spherical magnets 
of very unequal diameters, opposed to each other at dissi- 
milar poles, as in Fig. 102, one of the magnets being 65 
inches in diameter, the other 1*5 inches. 

Distance in lines — 

54 50 45 28 21 12 10 9 8 7 6 5 4 3 2 1 0 

Force in grains — 

1-75 2 25 2-75 9 12 26 31 34 36 39 44 48 59 68 89 132 310 
Many of these forces approach the inverse sesquiplicate 
ratio of the distances. It is, however, observed by Mus- 
chenbroek, that, from the unequal diameters of the spheres, 
“ it is not easy to calculate the intercepted spaces : this led 
me to try the forces between a spherical magnet and a ball 
of iron, each *95 of an inch in diameter.” The attractions, as 
thus obtained, have been already given. Fourth Case (185). 

The following are the results of observations on the repul- 
sive poles of two magnets, and of two pieces of magnetic iron. 

REPULSIVE FORCE OF TWO MAGNETS. 

I. 

Distance in lines 48 27 12 11 10 9 8 

Force in grains 6*5 13 30 32 32 33 34 

ii. 

Distance in lines 12 10 6 5 4 0 

Force in grains 24 24 25*5 27'5 29 40 

REPULSIVE FORCE OF MAGNETIC IRON. 

nr. 

Distance in lines . . 12 10 65 4 3 2 10 

Force in grains .. 3*5 4*25 7*5 7*75 8 10*5 14*5 14 Attn. 
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It is important to observe, in these last experiments, that, 
in the first forces and distances, the force is as the distances 
inversely, after which the increase of the repulsion de- 
creases, and the force changes into attraction. We have 
thought it right to select these cases for consideration. Tor, 
notwithstanding that they led at first to the conclusion 
“ that magnets are surprising bodies, of which we know but 
little,’ * they will, nevertheless, be found to have a most 
important bearing on the question of magnetic force. 

189. Martin, who followed Muschenbroek’s method of 
experiment, found that for certain small distances the force 
of a magnetic pole, on a bar of soft iron, was in the inverse 
sesquiplicate ratio of the distance. In these experiments a 
plate of wood, of a thickness equal to the required distance, 
was interposed between the suspended magnet and iron. 
The magnetic pole being allowed to rest on the wood, and 
to which it would become drawn by the reciprocal attraction 
between the iron and magnet, small weights were then 
added to the scale-pan attached to the opposite arm of the 
balance, until the magnet pole became raised off the wood. 
The actual force and distances were as follows : — 

Distance in inches i £ £ 

Force in grains 156 58 28 

It will be immediately perceived that these forces are 
inversely as the square roots of the cubes of the distances 
very nearly. Taking the distances as the numbers 1, 2, 3, 
we have 1 x 156 =2$ x 58 =3$ x 28 (177) ; the differences in 
the products, viz., 156, 164, and 145, are not so great as to 
place them without the limit of a fair approximation, espe- 
cially When we take into account the difficulty of such 
experiments. If at distance £ the result had been 56 grains 
instead of 58, and at distance £ it had been 30 grains instead 
of 28, then the ratio would have been exact. The experi- 
ments appear to have been carefully made.* 

* “ Philosophia Britan nica, M London, vol. i. p. 47. 



20 


RUDIMENTARY MAGNETISM. 


190. Mayer, in an unpublished paper read before the 
Boyal Society of Gottingen, in 1760, found the force of 
magnetic attraction to correspond with the general law of 
gravity. A deduction also arrived at by Michell, who says, 
in his capital treatise on Artificial Magnets, published, in 
1750, that in all the experiments of Hawksbee, Brook 
Taylor, and Muschenbroek, the force may really be in the 
inverse duplicate ratio of the distances, proper allowance 
being made for the disturbing changes in the magnetic 
forces (180) so inseparable from the nature of the experi- 
ment. He is hence led to conclude that the true law of the 
force is identical with that of gravity, although he does not 
set it down as certain. It is to be greatly regretted, as 
observed by Lambert, that the Boyal Society of Gottingen 
did not publish Mayer’s researches on this important physical 
question. 

191. In the 22nd volume of “ Histoire de l’Acad6mie 
Royale des Sciences,” Berlin, 1776, we find two beautiful 
memoirs on this subject by M. Lambert, which were consi- 
dered by Dr. Bobison as worthy of Newton himself. It is, 
therefore, imperative, in a treatise of this kind, to put the 
student in possession of the substance of these papers, more 
especially as a detailed and clear exposition of Lambert’s 
experiments has seldom, if ever, appeared in our elementary 
works on this branch of science. In his first memoir the 
author endeavours to determine two very important laws of 
magnetic action ; one relating to the change of force as 
depending upon the obliquity of its application, the other as 
referred to the distance. M. Lambert’s course of experi- 
ment was as follows : — 

A small needle, p q (Fig. 103), about an inch in length, 
being poised on a fine centre c, fixed in a plane of wood, a 
circle apb, one-half of which only is in the figure, was 
described about the needle, and divided into 180 degrees, 
both on the east and west side of the magnetic meridian 
x c z; the central or north point a of the semicircular arcs 
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Pig. 103. 



being marked zero ; the plane supporting the needle was 
made to turn about the centre c, so as to adjust the zero 
point a exactly in the line of the needle. This preparation 
made, Lambert placed a small magnet e, of a cubical figure, 
the same length and breadth as the needle, and one-half the 
thickness, in various positions, e, e , r ,f a, &c., about the 
needle, so as to deflect it from its meridian by a given angular 
quantity. We already know (134, 135) that in bringing a 
magnet near a compass needle in this way, the needle 
changes its position, so that by varying the position of the 
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magnet, we may produce any declination we please ; we may 
also give the magnet e an infinity of different positions, or 
may change its place as from d, f, g, h, &c. ; and hence may 
find such positions or points for its action as will all pro- 
duce the same degree of declination in the needle. Now 
M. Lambert limited the precise position of the magnet in 
any particular point, e, to that in which the axis of the 
magnet and its south pole were directed to the centre c of 
the needle, as in the line e c ; and he selected given declina- 
tions of the needle from 10 to 10 degrees on the west side of 
the meridian, and from 15, 30, 60, 90, up to 120 degrees on 
the east side. Having found all the points, as, for example, 
D d, E e, vf, G, H, i, &c., in which the magnet e, thus cir- 
cumstanced, gave the same amount of declination, say 30 
degrees, he proceeded to trace a curve, d e f g h i m, 
through all these points, and by means of which he en- 
deavours to assign the law of force as directed to the 
centre c. 

192. For the better tracing the various circles and curves, 
the plane on which this operation was performed was 
covered with fine paper. The figure is about £ of the size 
of the actual experiment, and as the curves on each side of 
the meridian z c x were found to be nearly similar, those on 
one side only are given, in order to avoid complication. In 
Fig. 103 then, c is the centre upon which the needle 
plays, x c z is the magnetic meridian. The angles a c a, 
a c d, a c e, a c r, a c g, are angles of 15, 30, 60, 90, 120 
degrees, being the respective constant declinations pro- 
ducing the curves 1, 2, 3, 4, 5. Thus the magnet being in 
curve 2, the declination of needle was always 30 degrees. 
When in curve 3, it was always 60 degrees, and so on. By 
this arrangement an equilibrium is obtained between three 
forces : viz., the magnetic force of the needle ; the directive 
force, or unknown power by which it is drawn to the meri- 
dian a b ; and the force of the magnet e by which the needle 
is deflected or drawn from its meridian. 
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193. In comparing the curves thus obtained, Lambert 
only assumes, what in fact is shown by all experience, that 
the magnetic force decreases when the distance at which it 
operates increases. In estimating the element of distance, 
he finds it sufficient to take the distance between the 
extremity e of the magnet and the centre c of the needle. 
So that if it be merely required to know if the force of the 
magnet has been more or less great in one point than in 
another, as, for example, in points e and e, then the right 
lines ce,cf will be sufficient for that purpose, and the force 
of the magnet may be taken as being less as these lines are 
longer. 

194. With a view to simplify our conceptions of M. Lam- 
bert’s investigations, we will confine our references princi- 
pally to one of the curves which he traced, viz., to the curve 
No. 2, corresponding to a deflection of 30 degrees, and 
which caused the needle, p q , to assume the direction n c u, 
making with the meridian, z c x, the angle z c y = 30 degrees. 
It may be here observed, that if we take, on either side of 
the radius, c G, any two points, f h, making equal angles, 
G c r, g c H, with that radius, and suppose the magnet to be 
in F, and attracting the north pole, p, of the needle with a 
force = p, and repelling the south pole, q, with a force = q, 
then we have only to place the magnet in n, and it will 
reciprocally employ force = p, to repel the south pole, and the 
force = q to attract the north pole, that is to say, the dis- 
tances G H and G f being equal, the position of the needle 
would not vary ; and reciprocally, in order not to vary, these 
distances must be equal. The curve, d e f g h i m, there- 
fore is similar to itself on each side of the right line o G, so 
that c G is an axis or diameter of that curve, and divides it 
into two similar and equal parts, that is, supposing a perfect 
resemblance and equality of force in both poles of the 
magnet. Mr. Lambert calls this axis, c g, a transverse axis 
or diameter, because it passes through the centre at right 
angles to the deflected position of the needle. Thus, when the 
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magnet E is in the curve he, just mentioned, the deflec- 
tion being 30 °, the position of the needle is the line men, 
and the axis is c G, and so for any other curve; thus, 
when the deflection is 60°, and the needle is in the line c E, 
then the axis of the curve is c E, being always at right 
angles to the direction of the needle. We may further 
observe, that all the curves extend themselves from the 
centre up to the points by which their respective diameters 
pass, as at x s e ge, 

195. These experimental conditions of Lambert’s investi- 
gations being understood, we may proceed to his analysis of 
them ; and first, as relates to the change of force liable to 
occur from a greater or less degree of obliquity in the action 
of magnetism on the needle, considered as a lever, a most 
important element in the progress of such inquiries. As- 
suming, as we have just shown (194), that it requires every-; 
where the same effective force to retain the needle at the 
same declination, we might conclude conversely, that for the, 
same degree of declination the distance should be always the 
same ; but such is evidently not the case, since the points 
n e f g, Ac., in curve No. 2, are all at different distances 
from the centre c, hence all the force of the magnet e 
cannot be everywhere exerted ; some compensation between 
the force and distance must hence arise, if the needle at 
different distances is to remain in the same position. Now, 
we may observe that in different points of a given curve, 
n E F G h, the action of the magnet E is more or less 
oblique upon the needle p q ; thus, the needle being re- 
tained in the line n u, at a deflection of 30°, the angle 
of obliquity at point e is E c d, at point e it is e c d, at 
point h it is h c d; that is to say, the obliquity of the action 
increases with the distances. In order, therefore, that the 
needle should remain stationary, the decrease of the force 
due to the increase of distance should be exactly the same 
as decrease of power arising from the increased obliquity 
of the action. To determine the law of the change of 
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force from obliquity, Lambert calls to his aid the polar or 
magnetic force by which the needle is drawn toward the 
meridian, and which also acts obliquely upon the needle, 
whenever we deflect it from its meridian. Thus the needle, 
p q , being drawn from its meridian into the line n u, the 
oblique action of the polar force is the angle z c y. To dis- 
tinguish in certain cases the oblique action of the magnet 
e from this last obliquity, he calls the angles of obliquity of 
the magnet e angles of incidence. Thus, angles e c d, f c d, 
&c., are angles of incidence as regards the obliquity of 
magnetism in the action of the magnet e on the needle. If 
the law of the variation of the force as regards a change of 
distance were really known, we could easily determine the 
law of the increase or decrease of force as depending upon 
obliquity of action; for the effect depending on this obli- 
quity of incidence would be in the same curve in an inverse 
ratio of the force, in order that the compound resulting effect 
might retain the needle in the same position ; but Lambert 
had not determined this law, and is hence led to another 
method by taking into consideration the action of the polar 
force on the needle. 

196. To determine the effect of obliquity, considered as 
depending upon the angle of obliquity, that is, as being some 
function* of that angle, Lambert took two equal distances, 
c d and c r, in which the absolute force of the magnet, 
independent of obliquity, might be considered the same. 
We may here observe, that when the magnet is in point d , 
the needle is found in direction c u , being, by the experi- 

* This term function is in very common and accepted use in physico- 
mathematical science. It is employed to express, either algebraically 
or otherwise, any quantity whose value depends upon that of another. 
Thus the extent of the circumference of a circle will depend on the length 
of the radius of the circle. The circumference is hence said to be a func- 
tion of the radius. In the present case the effective force of the magnetic 
power will depend upon the angle of incidence. It is hence said to be a 
function of that angle ; so that we have to find what is the actual value or 
relation of this function to the magnetic power. 
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ment for that point, deflected 30°. The angle of incidence 
d c u is therefore 15°, and the obliquity of the polar force is 
the angle z c y=30°. Again, the magnet being in r , the 
needle is in direction c r, being by the experiment for curve 
4, deflected 90°. In this point, then, angle of incidence of 
magnet is f c o=30°, and angle of obliquity of polar force 
z c f=90°. Let now the whole magnetic polar force =M, 
and the whole force of magnet =w, then, because the needle 
is at rest, either the whole or some part of the magnetic 
polar force must be in equilibrio with the whole or some part 
of the force of the magnet ; and as these forces will depend 
upon the angle of obliquity, we have for points d and r, 
calling the function we require —f the following equations : — 
m x/30°=w xf 15°, and m : m : :f 15° :f 30° for point d , 

M x/90°=wx/30°, and m :m ::/30 o :/90° for point r * 
But between these four functions, in the proportions thus 
deduced, we obtain f 15° : f 30° : : f 30° : f 90°. 

Now this proportion leads at once to the value or nature 
of the function required —f since in the ordinary trigono- 
metrical calculations and tables we And that the sines of 
these angles fulfil the conditions of this proportion. In 
fact, we have sin 14 J : sin 30° : : sin 30° : sin 90°, that is, 

* The student will easily see, that to represent the equilibrium of the 
forces in operation, we must multiply the total magnetic force by the 
function of the angle of obliquity at which the force acts, and upon which 
the modification of the whole force depends. Thus, suppose that when the 
obliquity of action was a given quantity, that only £th part of the total force, 
for example, was effective in retaining the needle at a given deflection, 
we should, in this case, express it by £ of m, calling generally the mag- 
netism m ; that is to say, we should multiply M by £. But since we do not 
know what portion of the tgtal forces are in operation, we are content to 
represent it by some function of the angle of obliquity ; and, therefore, 
in the above, write m x /30°, or m x f 15°, as the case may be. It is 
further evident that, in the equilibrium of these forces, we have in all cases 
some portion of the total polar force acting at a constant distance in equi- 
librio, with some portion of the total force of the magnet acting at variable 
distances from the needle ; hence we write, in the cases quoted, 
m x/ 30° = 7/i x/ 15° and m x/90° — tw x/30°. 
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*250: *5 :: *5 : 1,* which is sufficiently near for our purpose, 
and leaves little or no doubt as to the nature of f 

197. Prom this investigation, then, we may conclude that 
the action of magnetism on a magnetic needle, considered as 
a lever, is proportionate to the sine of the angle of obliquity 
of its direction ; and that hence the effective force which 
operates in restoring the needle to its meridian, when drawn 
aside from it, is directly as the sine of the angle of its 
deflection — an important deduction. “If,” says Eobison, 
“ M. Lambert’s discoveries had terminated here, it must be 
granted that he had made a notable discovery in Magnetism.” 

This important result was fully established by a variety 
of other experiments. Thus taking other points, f and g, 
equally distant from centre c, or very nearly so, we have 
•the angles of incidence g c a = 30°, and f c n = 75°; the 
needle for curve 1 being deflected 15° in direction c a ; and 
for curve 2 being 30° in direction c d. The obliquities of 
the respective polar forces are consequently 2 : 0 ^ = 15°, and 
~cy = 30°. 

From whence we obtain for points g and/ 1 the two follow- 
ing proportions : — 

on xf n 30°= m x f” 15°, which gives m : m : : f n 15 °:f” 30° ; 

and 

on xf” 75°=m xf n 30°, which gives m : m :: f” 30° :f n 75°. 

From these four functions we have, by the ordinary rules, 
f » 15° : f n 30° :: f* 30° :f n 75° ; 
that is, sin 15°: sin 30° :: sin 30°: sin 75 (196) ; 
or, *2589 : *5 :: *5 : *966. 

And *2589 x *966= *5 x *5, or *250 =*258, which is a suffi- 
ciently close approximation. 

198. Having thus determined the first, and apparently 
the most simple law of Magnetism, Lambert proceeds to 
apply it in his further investigations of the law of force as 
regards distance. With this view, let the total polar force, 
which draws the needle to its meridian, be considered as 
unity or 1, and suppose that the magnet E being in some 

* See ('182') note. 
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point of the curve deg, the needle is deflected 30°, and is 
in the direction c d. In this case the sine of 30° being 5, 
the effective polar force becomes represented by 1 x *5 (196, 
note) ; that is to say, it may be expressed by *5. Now the 
needle being stationary, in whatever point of curve 2 the 
magnet be placed, it is clear that the oblique or effective 
force of the magnet in any point, d, e, e, must be equal also 
*5 ; because in these points it exactly balances the polar force. 

Now, let the actual or inherent force of the magnet at any 
distance, c e, c g, &c.=m, and call the angle of incidence or 
obliquity of its action = 0, then we have the effective force in 
every point of the curve = m x sin 0 ; but as this force, as just 
shown, must be = *5, we have therefore by these two values 

m x sind = *5 and m = • 

T sin (j) 

Taking now the different angles of incidence, d c d, e c d, 
ecu, &c., for the successive points d e, e , &c., and which 
are by construction, 15, 30, 45, 60, &c., up to 120° (192), 
and dividing ‘5 by the sines of these angles, we obtain the 
value of m, or absolute force of the magnet, in each point of 
the curve at a measurable distance from the centre c ; conse- 
quently, in laying off the respective distances c d, c d, o E, 
&c., upon a given scale, we have the respective values of the 
force and distance represented by numbers. M. Lambert 
estimates the distance in terms of a unit of measure = i the 
length of the needle. The forces and distances thus deter- 
mined will be as in the following table :* — 

Points of curve .. d e e r / g 

Distances =d . . . . 2*71 3*62 4 17 4*33 4-48 4*61 

Forces =/ 1*93 1*00 0*7 0*57 0*51 0*5 

199. It will be observed, that in comparing these distances 

* This way of noting the results of the experiment is not the same as 
that adopted by M. Lambert, who gives several distinct and elaborate tables, 
which, in a rudimentary work of this kind, could not well be introduced. 
It became requisite, therefore, to simplify them, and bring the results 
under a less complicated form. No alteration, however, has been made in 
the course followed by the author, or in his numbers, which are given as 
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and forces as before (182), there is a general approximation 
to the law of the inverse square of the distance, more espe- 
cially in the points E, f o, in which the products of the 
forces, multiplied by the squares of the respective distances 
(177), are 10*6, 10*2, 10*6; the nearer points, however, as 
d E e, give the products 18*87, 18*10, 12*1, which exhibit 
greater differences. M. Lambert, however, goes on to 
observe, — that the distances here given are taken between 
the extremity of the magnet e, and centre, c, of the needle, 
— that these may not be the true distances of the magnetic 
action, — still he prefers letting the numbers remain as they 
are in the table, and subject them to such calculation as may 
be found requisite, merely bearing in mind, that whatever be 
the true distances, they must be in some inverse ratio of the 
forces. 

200. Supposing Magnetism to be a species of central force, 
analogous with the force of gravity (179), it would then 
come under the same general law as regards the distance of 
its action, and would be in the inverse duplicate ratio of the 
distance (175). A ssuming this to be the case, we may obtain 
the true distances corresponding to the forces by means of 
the general expression for this law. Thus, let/*=the effec- 
tive force of the magnet in ponds d E, e e, &c., and let 
the true distance of action we require to find = A, then 
we have 


/ a 


1 

A 2 , 


and, consequently, 


A a 


1 

</■ 


If, therefore, we extract the roots of the numbers in the 
preceding table, represented by f we shall, in carrying out 
the operation indicated in the above formula, obtain a series 
of numbers which, although not equal to the true distances, 
will still vary in the same direct ratio, and which may 
become equal to the true distances if multiplied by some 
constant = c, so that, in representing these numbers by £ we 
should have A=^xc* 


* The student must remember, that although a given quantity may 
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Subjecting, then, the force* / to the indicated operation 
we obtain, for the respective points d, E, e, r, Ac., the 
fblkming proportionate distances : — 

Points d ■ « f / G 

Proportionate distances =■£ .. 0*719 1*00 1*189 1*316 1*39 1*414 

M. Lambert deduces for the mean value of the constant, 
by which these numbers must be multiplied, o = 2*2, aa 
given from the whole series of experiments in the successive 
curves 1, 2, 3, 4, 5 (Fig. 103). The true distance, therefore, 
will be represented by A=S x 2*2 ; so that by comparing the 
product of the above numbers by 2*2 with the measured dis- 
tances = d, as given in the preceding table, we immediately 
arrive at the required correction, if any.* Take, for example, 

change in the same proportion as another and greater quantity, yet we 
cannot ever consider the two quantities as equal. To complete the 
equality it becomes requisite to multiply the lesser quantity by some 
constant number. Take, for example, the 
right-angled triangle a c b, and suppose it 
divided by parallels a a , b b\ c c, Sec. ; and 
in such way, for example, that distance a a 
from the vertex a is twice the length of the 
parallel a a'. Then we have a b double 
of b b' f and a c double of e* c, and so on ; and a a' f b b\ d cT, &e., 
will increase in exactly the same proportion as a a, a b, a c, See . ; 
so that if a 6«2 a a, then b b'=*2 a a, and so on. Still a a', b b\ Sc c., 
can never be taken equal to a a, a ft, &c. We may, however, iu this 
case make them equal by multiplying a a, b b\ &c., by 2, which is the 
constant quantity here required, but which constant in the above formula 
we require to determine. 

* To get the value of c, let the difference between the true and observed 
distance — x, then we have d± x c. Take now any two values of d, 
say in points x and g, as given in the former table, then we have 
3*62 +«»1 x c for point b, 
and 4*62 ±#“1*414 x c for point g. 

Subtracting equation of point * from equation for point G, we have 

1*01— *414 x c and c— 2'4 nearly. 


Fig. 104. 
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ike numbers in the preceding table at points d and e, then 
we have for A, that is, the true distance, 

0*719 x 2*2 a* 1-68 for point d, 
and 1*414 x 2*2 *= 1 11 for point a. 

But the measured distances for these points as d, as given in 
the former table are d = 2*71 for point d } 
and 4 as 4*61 for point a. 

The respective errors, therefore, or 

d— A are 2*71— 1*58 ssl*13 for point d, 
and 4*61— 311=1*5 for point &. 

The mean of these, or l-i£~^==l*81 nearly, which turns 

out to be the mean value of x upon the whole series of 
experiments in the different curves, that is the quantity to 
be subtracted from the measured distances in order to 
obtain the true distances, upon the hypothesis that the force 
is as the squares of the distances inversely, as in the case of 
gravity. These numbers x and c being determined, we have 
d— 1*81= l x 2*2, and hence d = i x 2*2 + 1*81, which is the 
formula deduced by M. Lambert for determining d by 
calculation, and comparing the result with d as given in the 
first table. 

In extending this formula through the numbers for the 
series of curves 1, 2, 3, 4, 5, deduced as in the first table 
(198), M. Lambert finds the differences between the mea- 
sured and calculated values of d comparatively sm al l , and as 
often positive as negative; and hence concludes that the 
formula d = S x 2*2 -f 1*31 is, upon the whole, correct. 

201. Admitting the truth of this formula, we arrive at a 
somewhat remarkable result: viz., that to obtain the dis- 
tance, the square of which is in a reciprocal inverse ratio of 
the force of the magnet, we must take, for the true distance, 

Upon a mean of the whole series of experiments for aU the cams, 1, 2, 
3, 4, 5, Mr. Lambert finds the mean Talne of c«2*2, or, as ha expresses 
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the distance been the centre of the needle and the extremity 
of the magnet, minus the quantity 1*31, which is greater 
than half the length of the needle.* So that what may be 
called the centre of attraction of the magnet is found out of 
the magnet, and what may be called the centre of attraction 
of the needle is found out of the needle. So that the com- 
mon centre of attraction may be conceived to be in the 
semicircular interval Ap (Fig. 103) being as much nearer 
the needle p q, as its force is less than that of the magnet E. 
M. Lambert thinks that, in the case before us, it falls about 
the point r, at 1*31 distance from the centre of the needle 
c a, being the least radius or distance at which the magnet 
could be placed without altogether fixing the needle inde- 
pendently of the polar force. 

Professor Eobison appears to view this deduction as 
somewhat anomalous, and as arising out of the complicated 
nature of the experiment. Yet if the force be such as 
anticipated by Lambert, there does not appear any greater 
difficulty in conceiving such a result, than in conceiving the 
common centre of gravity of two bodies of unequal magni- 
tudes to fall without the bodies. Thus the common centre 
of gravity of the earth and moon is neither within the earth 
or moon, but in some point intermediate between them ; 
being as much nearer the earth as the mass of the earth is 
greater than that of the moon. 

Under this impression, however, the professor was led to 
repeat Lambert’s experiments with magnets, consisting of a 
slender steel rod, terminating in small balls, in which case 
he found the force to be nearly in the centre of each ball, 
and to vary in the inverse duplicate ratio of the distances 
with singular precision. 

202. Such are the principal features of Lambert’s first 
memoir on the important question of the law of magnetic 
force. In a following subsequent memoir “ On the Curva- 
ture of the Magnetic Current,” he continues his series of 
* The unit of measure being made » half the length of the needle (198). 
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experiments, and examines with singular ingenuity, mathe- 
matical skill, and address, the action of the directive or 
polar force of a magnet upon a small needle. In the pre- 
ceding experiments Lambert had always preserved the axis 
of the magnet in a right line passing through the centre of 
the needle. This condition, however, is not altogether requi- 
site in every case. He therefore, in these subsequent re- 
searches, places the magnet more or less oblique to that line, 
but always preserving the same angle of obliquity for com- 
parative experiments. The question whether such curves as 
those which are represented in Part I. (28), depend on a 
circulating fluid, Lambert considers of no moment. Still the 
curves exist, and the problem for determining the nature of 
such curves will still arise, the axis of a small needle freely 
suspended will, in various points, always be a tangent to 
these curves ; so that we may, without ambiguity of language, 
call them “ curves of the magnetic current.” If there be such 
a current, the term will be true to the letter ; if not, the alge- 
braic nature of such curves will suffer no change. In order to 
determine the nature of these curves, as bearing on a large 
and important class of natural magnetic phenomena, Lambert 
endeavours to examine still further the general laws of Mag- 
netism, and the position, size, figure, and force of the great 
magnet which he supposes to reside in the earth. The limits 
of this work will not permit us to enter fully upon this 
beautiful memoir, which, as remarked by Dr. Eobison, would 
have done credit to Newton himself; more especially as it 
embraces other considerations than those immediately con- 
nected with our present subject. So far,, however, as it 
bears on the elementary laws of Magnetism, Lambert con- 
cludes, “ that the effect of each particle of the magnet on 
each particle of the needle, and reciprocally, is as the abso- 
lute force or magnetic intensity of the particles directly, and 
as the squares of the distances inversely.” 

203. About twenty years after Lambert’s experiments, 
Coulombe turned the attention of his ingenious and compre- 
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hensive mind to this subject ;* and by means of the torsion 
balance (182), and method of oscillation (188), not only 
confirmed the deductions of Lambert, but also added to our 
knowledge of magnetic force in a most extraordinary degree. 
Having placed a linear magnet, 24 inches in length, in the 
stirrup of his balance (132), he was enabled to measure the 
force required to maintain this needle at various angles from 
its natural direction, and thus, by a direct experiment, he 
confirmed the principle of Lambert (197), viz., that the force 
urging a magnetic needle toward the magnetic meridian 
when drawn aside from it, is proportional to the sine of the 
angle of its deflection. Referring to the explanations given 
(133), the following are the forces and angles in four different 
experiments, and by which it will be seen that the forces or 
degrees of torsion requisite to maintain the needle at the 
given angles, are sensibly proportional to the sines of these 
angles. 


Micromatic circles . . , 

1 

2 

4 

5*5 

Degrees of torsion . . . 

349 5 

698-75 

1394 

1895 

Angles of Deflection . 

. 10°-30 

21°-15 

46° 

85° 

Sines of angles 

. *1822 

•3624 

•7193 

•9961 


204. To understand clearly these results, it will be neces- 
sary to recollect, that the reactive force exerted by the wire 
when subjected to twist, is exactly proportional to the degree 
of twist to which it has been subjected. This is the funda- 
mental principle of the instrument (132) .f This degree of 
twist or torsion may be either measured by actually twisting 
the wire itself at its upper extremity, Rig. 80 (132), against 
a resisting force beneath, or otherwise turning the wire from 
below against a fixed point above. In either case the torsion 
force is proportional to the angle of torsion. Now, in such 
experiments as those just quoted, in which a magnetic needle 

* Memoir of the Royal Academy of Sciences, 1786 and 1787. 
f We avail ourselves of this opportunity of correcting an error, seventh 
line from the top, p. 119, Parts I. and II., for “sine of the angle or 
arc," read angle or arc. 
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is forced from its directive position through a given angle, 
say 46°, by actually twisting the wire any number of degrees 
against the directive force of the needle, and by which it 
tends to the magnetic meridian, we must, to obtain the 
actual force of torsion, holding the needle at any given angle, 
subtract from the number of degrees which we have twisted 
the wire, the degrees representing the angle of deflection of 
needle ; for, imagine that we had forcibly retained the needle 
in its original position, whilst we had twisted the wire 4 circles 
of the micrometer (Fig. 80, sec. 132), that is 4 times 360= 
1440°, and that, on liberating the needle, it became deflected, 
and rested at 46°, then, as is evident, the total torsion of the 
wire would become relaxed by that quantity, and we should 
have for the absolute force of torsion, holding the needle at 
46°, 1440—46 = 1394°, as given in the table; and similarly 
for the other given angles. 

205. Having determined this point, Coulombe proceeds to 
examine the law of the repulsive force of two similar mag- 
netic poles, and in the following way : — 

Two equally-tempered and magnetic steel wires, each 24 
inches in length, and about the of an inch in diameter, 
were placed, one of them in the balance, and the value of its 
directive power or force dragging it to the meridian, at any 
given angle determined. This force, in terms of the torsion 
force, was, for this particular case, equal to 35°, for 1° of 
deflection of the needle ; that is to say, in order to force the 
needle 1° from its meridian, it w as requisite to turn the 
mecrometer, Fig. 80 (133) 35° of the circle.* This being 
ascertained, the other wire was placed vertically in the me- 

* Coulombe found that 2 circles of torsion deflected the needle 20°, 
which gave a force of torsion for 20°= 720 — 20= 700. Now the directive 
force of the needle being as the sine of the angle of deflection, we may, 
from this experiment, obtain the force for any other angle m, since 
w.e have this proportion, 700 or force at 20° : /, the force at angle 

m : : sin 20 .* sin m, or/x sin 20=700 x sin m, or /= — If we 
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Fig. 105. 




ridian, with its inferior pole at right 
angles to the similar pole of the 
needle, as represented in the an- 
nexed Fig. 106, and in such way 
as to admit of the two wires being 
considered as intersecting each 
/ other at an inch within their si- 
milar polar extremities, p p\ As 
a necessary consequence (31), the 
pole p' of the horizontal needle, placed in the balance, 
becomes repelled, and turns away from the pole p of the 
fixed vertical needle, until arrested by the torsion of the 
wire, and a balance obtained to the repulsive force. In 
this case the needle was balanced at an angle of torsion of 
24°. The next step was to determine what amount of torsion 
was requisite to balance the repulsive force at certain other 
angles or distances between the repelling poles, p p'. With 
this view the wire was twisted against the repulsive force by 
turning the micrometer 3 complete circles, or 3x360°= 
1080°. The pole p of the needle now stood within 17° of 
the vertical pole p. In like manner, 8 circles or 8 x 360°= 
2880°, brought the repellant poles within 12° of each other. 
Let us pause here for a moment to consider what are the 
actual or total forces in operation at each of the arcs of 
distance, 24°, 17°, and 12°. 

206. In the first place, we have to consider, that not only 
is the horizontal needle, p\ pressed back toward the vertical 
needle, p, by the reactive force of the torsion, but it is like- 
wise urged toward the vertical needle by its own directive 
power or tendency to the meridian ; we must therefore add' 
this assistant force in each case. This is effected by turning 
it into degrees of torsion, at the rate of 35° of torsion for 


take the arcs themselves, instead of the sines, which we may do here 

/ 700 f h 

without any great error, we have - — — — = 35 m. If we take m « 1°, 

zu 

then the force equals 35°, that is 35° of torsion, as observed. 



©aefe angular defitettaa fl*a the meridbav aeoox^ 

tog tof tfos*|30eitaitoiijy experiment above given (204) ; for, 
since ass fmimmM yrw m flm of the instrument, the 
tendon force goer est iegalufy toereastog with the 
twist of tbewire, it is sumeietit to know tike actual force 
for one degree, to get the force for any number of degrees 
In the&st experiment, therefore, when the angular din* 
tame© of the pole* frf was 24*, the total force in tarma 
of torsion, balancing the repulsive force, mtist hare been 
24+(24x85) = 24+840 = 864, For force at angular dis- 
tance, 17°, ire hare to combine the near torsion =3 circles, 
with the torsion for 17°, and the directive force at 17°, so 
that we have (8*Be0) + 17+(17x35)=1080+17+595= 
1392 for the total fofrce at angle 17°. In like manner, we 
obtain the total force at 12° = 8 circles 4- 12 +(12x36) = 
2830 + 82 + 420 = 8312; so that the distances and corre- 
sponding forces will stand thus : — 


. Distance! 12 17 24 

Forces 3312 1692 864 


207, Now, these forces are in the inverse duplicate ratio 
of the distances, or very nearly. Thus, at distances 12 and 
24, which are as 1 ; 2, we have the inverse forces 864 and 8312, 
which are as 1 :4 ; that is to say (174), we have the inverse 
proportion 3312 : 864 : : 2 2 : 1 or 4 x 864 = 3312, nearly, or 
3456 = 3312. Had the force at 24° been 868 instead of 864, 
the accordance would have been complete. Now the differ- 
ence 36 between these numbers is not above one degree of 
error in the position of the needle, at the rate of 35° of 
torsion to 1° of angular deflection ; the result, therefore, is 
perhaps as near as could be expected, for it is to be remem- 
bered that the action of the poles upon each other is a little 
oblique ; the distances are really as the chords of the arcs, 
and not as the arcs themselves, beside that the experiment 
is not an experiment with two particles, but two portions of 
a magnetic wire. Admitting all this, however, it is stall to 

B ' 
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beebiSr^ifc^ &e fMe life ti* Mr distance, 12, h tort 
so great as it should be by caiedWioii in the proportion^ 
0812 i MM, Wring the force at 24 m M l; we shall haws 
d eex io ft to refer to this Act es we proceed. 

SOB. These experiments, by Lambert end CWIombe,were 
Allowed op, about the y oaf 1817 , by Professor Haastein, of 
Christiana, who, in a valuable work entitled u Inquiries eon* 
cerhing Hie Magnetism of the Barth, u deduces many impor- 
tant laws of ordinary magnetic forces. 

Although Professor Hanstein’s method of experiment is 
virtually the same as that of Hawsksbee (182), yet the 
method of analysis is peculiarly his own. Hanstein’c appa- 
ratus may be taken as identical with that described (184) 
Pig. 82, the straight line, n W, being divided into portions 
such that ten of them were equal to the half axis of the arti- 
ficial magnet used in the experiment. Having assumed that 
the magnetic intensity of any particle in a magnet is propor- 
tionate to some power of the distance from the magnetic 
centre (26) ; and that the force between any two particles 
is in some inverse ratio of their mutual distance, a general 
expression is deduced, for the effect which a linear magnet 
would have upon a magnetic particle, situated anywhere in 
the line of the prolonged axis of the magnet. This deter- 
mined, and the angles of deviation of the needle (Pig. 82), at 
different distances from the magnet u, accurately noted for 
bach distance, the Professor proceeds to compare the results 
of calculation with those of the actual experiment, and shows 
that the supposition of the force being in an inverse power 
of the distance equal to 1 or 8, entirely disagrees with obser- 
vation ; whilst, on the other hand, if the power be made 
equal to 2, the numbers found by e xperi m e n t differ but Kttle 
from those found by calculation. The value of the power of 
Hie distance, representing the increase or decrease of inten- 
sity from the magnetic centre, does not appear to have so 
great an influence on the result. Hanstein, however, thinks 
that this power is also equal to 2, although, by taking it as 
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conclude, “ Tb*t tU© a&eujtiree or repuiwve force witt which 
two magaetie particles infect each other, is uiwiys m their 
iatanaifaea directly, sad as the square of their mutual dis- 
tance inversely,” thus confirming the deductions of Xamhert 

mruA n QiialnmW 

209. Further Inquiries, c onstruing the Nature and Lam 
qf Magnetic JVrw,— Although our kaowlodge of mag- 
netic feme baa been very greatly advanced by these several 
researches, it yet remains to he seen whether the law 
deduced he a general law, applicable to every case of 
jnsgne tic action considered as a central force (170), or 
whether it be only a particular law of some peculiar 
agency operating between the surfaces of magnetic bodies 
in a way similar to that of electricity, which, as now well 
known, is confined to the limiting surfaces of opposed 
conductors.* 

We have seen (83) that when a Fig. 106. 

magnetic bar a, Kg. 106, is opposed 
to a similar, but smaller, bar of 
iron n, then a new polarity n is in- 
duced in the near parts n of the 

iron, opposite in kind to that of the e — — 

opposed polarity A, whilst another — .. - n - - 4 

polarity, g, arises in its more dis- 
tant parts, similar in polarity to 
that of the polarity a, but opposite 
to that of the induced polarity n : 
this, however, is not all, On fur- 
ther examination, we find (37) that 
the temporary polarity n, thus induced in the near surface 
of the iron, operates in its turn on the near surface f of the 
magnet, producing there, by a species of reflection or rever- 
* Rudimeatary Eloctridty, (21), p. 17, sad (98), p.lU,s«eond edittau 
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beration, what may be considered as a new polarity p, oppo- 
site in kind to that of the induced polarity n, but similar to 
that of the permanent polarity a ; that is to say, a portion 
•of the force, which under the ordinary conditions of magnet- 
ized steel is directed towards the centre of the magnet (28), 
becomes now determined toward the iron in direction p n. 

These changes induced in the magnetism of the two 
bodies, have been considered by some writers as casual and 
disturbing forces, superadded as it were to the primary 
magnetic action, which they imagine to be a distinct power, 
or emanation as it were from a centre, and operating in the 
way of other central forces (179). Michell had evidently 
adopted this view (190) ; as also Dr. Robison, who thinks 
that the phenomena of magnetic attraction and repulsion, aB 
commonly observed, are not calculated to develop the real 
law of magnetic force : “ For in the experiments made on 
attraction at different distances, the magnetism is continually 
increasing, and hence the attraction will appear to increase 
in a higher rate than the just one and that, hence, “the 
observed law must be different from the real law.” * If we 
look, however, very narrowly into the nature of this kind of 
physical force, we shall immediately perceive that it is alto- 
gether an inductive process. Induction, as observed by 
Faraday, in respect of electricity, t is the essential function 
of all magnetic development. So far, therefore, from these 
induced actions being merely superadded or disturbing 
forces, they are the very essence of the force itself. It is 
in fact the mutual play of these inductive powers which 
constitutes magnetic action in all its variety of form ; we 
recognize no other action in the observed phenomena of 
magnetic attractions and repulsions : and it is hence to the 
laws of these induced changes to which we must look for an 
intelligible development of what we have termed the general 
law of magnetic force. 

* Mechanical Philosophy, vol. iv. pp. 217 and 273. 

t Researches in Electricity, 1178. 
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210. It is here to be remembered that we know nothing 
of that peculiar condition of Bteel we term magnetic, except 
through the medium of its effects upon ferruginous bodies. 
We may, however, infer, as already explained (14), that in 
a magnetized bar two forces are developed, the tendency of 
which is to recombine and restore the condition of neutrality 
under which they previously existed. Taking, therefore, a 
magnetic bar apart from the influence of all other ferru- 
ginous matter, we may consider the action of these op- 
posite forces as being directly upon or toward each other, 
either through the particles of the steel, or through sur- 
rounding space. The experiment we have adduced (28), 
Pig. 16, is highly illustrative of this kind of action: the 
ferruginous particles being evidently bent into curves, and 
apparently uniting the forces in points similarly placed, on 
each side of the magnetic centre. When, therefore, we pre- 
sent to one extremity p, Pig. 106, of a magnet a, a mass of 
iron B, capable of assuming the magnetic state, or otherwise, 
the opposite pole of another magnet, we divert, as it were, 
some portion of the force, resident in that extremity p, from 
its previous direction towards the centre of the bar a, and 
cause it to act in the direction of the opposed iron or other 
opposed polarity, as appears strongly indicated in Pig. 17 
(28). And this it is which constitutes the reciprocal or 
reflected force p , Pig. 106, to which we have just adverted ; 
and it is upon these two forces that the reciprocal force 
between the two bodies depends. 

211. This species of reverberation of force between the 
opposed poles having once commenced, may still continue ; 
that is to say, a secondary wave or reverberation may pro- 
ceed from the new force p, which again reaching the iron, is 
again reflected back upon the magnetic pole, calling into 
activity a still further portion of the opposite force in the 
direction of the iron ; each reverberation becoming weaker 
until the wave vanishes, as it were, into rest. 

The late Mr. Murphy, of Caius College, Cambridge, ap- 
e 2 
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plies, in his profound mathematical work on Electricity and 
Heat, a somewhat similar principle to the theory of elec- 
trical action, and which he terms, “ Principle of Successive 
Influences.” Professor W. Thomson also, of the Glasgow 
University, resorts to a view of this kind, conceiving that 
in the reciprocal force of attraction, as exerted between a 
charged and neutral body, certain images or reflections of 
power are produced within the opposed conductors, and 
which become perpetuated in a way similar to that of reflec- 
tions between two mirrors.* 

How, or in what way, the kind of influence to which we 
have just adverted (209) commences, or from whence it 
first proceeds, has never yet been fully explained. The first 
action may, for anything we know to the contrary, proceed 
from the influence of the iron on the magnet ; the magnet 
being a body in a peculiar condition, which renders it sensi- 
ble of impressions from ferruginous matter. Hence may 
arise that determination of a given portion of the polarity 
next the iron which we have just described (210), and upon 
which may depend a subsequent and similar determination 
of the opposite polarity resident in the iron toward the 
magnet, and a retiring, as it were, of the similar polarity in 
the reverse direction. In whatever way, however, these two 
inductions arise, they are evidently the immediate source of 
the reciprocal attraction as observed to arise between the 
opposed bodies: this appears in great measure evident in 
Fig. 17 (28). On the contrary, when these inductive actions 
do not arise, or if they be resisted by any existing magnetic 
condition, then not only is there an absence of all apparent 
force, as we perceive in presenting to the pole of a magnet 
any non-magnetic body (30), but a totally opposite force 
ensues ; the bodies actually repulse each other ; as also fully 
indicated in Fig. 18 (28). Moreover, it maybe shown, 4;hat 
the attractive force between a magnetic pole and soft iron, is 
only in proportion to the induction of which the iron is 
* Rudimentary Electricity, (101), p. 115, second edition. 
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susceptible, whatever the amount of permanent magnetic 
development in the steel. 

Magnetic attractions and repulsions then, as commonly 
observed, being the result of a species of inductive rever- 
beration (209) between opposed magnetic bodies, it follows : 
that in order to arrive at a correct view of this species of 
force, and determine the law of its action, we must neces- 
sarily commence with an investigation of the laws and 
operation of the elementary forces of induction. 

212. The magnetometer already described (126), Fig. 76, 
and the simple balance-beam adverted to (37), Fig. 29, are 
well adapted to the measurement of these and other magnetic 
forces. The first has been very fully explained in all its 
details (126) ; the latter when applied to very refined pur- 
poses should be mounted on friction-rollers, such as shown 
Fig. 75 (126), and the whole of the framework, with its 
attached arc, be sustained on a central sliding column of 
support, the altitude of which can be varied by means of 
rack-work, as in the column of the magnetometer, Fig. 76, 
so as to change the distance readily between the small trial 


cylinder t, Fig. 107, 
or other body sus- 
pended from one of 
the arms, and any 
other magnetic sub- 
stance M brought to 
act on it. The general 
arrangement is repre- 
sented in the annexed 
figure, the framework 
and column of sup- 
port being omitted, 
in order to avoid 
complication. In the 
instrument as here 
shown, the suspended 
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bodies play freely on two pins, run transversely at a and b, 
through slits cut in the extremities of the beam, which is 
16 inches long. The scale-pan 8 is supported on a small 
circular plane, set on a sliding-piece u, so as to admit of 
adjustment. The arc x o y is the £th part of a circle, and is 
divided into 100 parts on each side the centre o, which is 
marked zero ; the radius of the arc is 16 inches, the index l 
is neatly formed of three or four pieces of reed straw, termi- 
nating in a fine bristle ; it is attached to the balance at c by 
insertion on a brass pin projecting from a light brass band 
encircling the beam, and through which the axis passes. 
The forces corresponding to any given number of degrees 
of the arc, are determined experimentally by placing small 
weights, either in the scale-pan at s , or on the suspended 
iron t. The axis being a little above the centre of gravity 
of the beam, the balance does not immediately overset, 
but admits of a given inclination : the forces in this case 
will be very nearly as the small angles at which the beam 
inclines ; so that the degrees of the arc measuring these 
angles will be nearly as the weights inclining the beam. 
Attractive forces are measured on the arc in direction o a, 
repulsive forces in the opposite direction oy. 

This balance is only applicable to the measurement of 
very small forces, such as those exerted by magnets and iron 
at distances approaching the limit of action. In the appli- 
cation of it, we employ precisely the same kind of apparatus 
for sustaining the magnets and iron as that already described 
for the Hydrostatic Balance (126). 

213. The direct and reciprocal forces of induction (209) 
are examined by these instruments according to the methods 
described (128, 129, 130). To determine the law of the 
direct induction (33), the magnet and iron are attached to a 
divided scale, Tig. 79, and then brought under the trial 
cylinder ; so that in making the distance a b constant, and 
varying the distance n s, the rate of increase or decrease of 
the induction upon the near extremity g of the inter- 
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mediate iron, as measured by the distant and associated 
polarity at b, may be pretty fairly estimated ; the reciprocal 
attraction between the trial cylinder a, and the induced 
pole b , will, as observed by Newton (181), entity result 
from the intermediate iron ; hence we may infer, all other 
things being the same, that the proximate induction at s 
will vary with the distant polarity at b. When the bodies 
are laid horizontally, as in the 10g 

annexed Fig. 108, the trial cylin- _ 

der t is immediately over the dis- p 

tant extremity of the iron, the 

force being taken through a short r 

cylindrical armature a. Fig. 78 1 

(129) is further illustrative of 

\ . , p n 

this experiment. To measure the ^ ^ 
reflected force (37), we first ob- iSss 
serve the degrees of attraction 

between the polo of a magnet and the trial cylinder t, either 

placed vertically, as in Fig. 107, or horizontally, as in the 

annexed Fig. 109. A mass of 

iron m, or the opposite pole of a f* 

permanent magnet, is then cause d Rv 

to approach the pole p of the 

magnet M, through certain mea- k 

sured distances as before: this * 

will cause the index to decline u 

(37). Now the degrees of de- rpj 

clination may, within certain . 

limits, be taken as a measure 

of the reciprocal force of the induced pole n upon the pole p 
of the magnet m, the distance of the trial cylinder t being 
constant, and the force allowed to operate through a short 
cylindrical armature of soft iron as before. 

The forces of induction may in all these cases be consi- 
dered as proportional to the square roots of the degrees of 
attraction, as given by the instrument, since by a law of 


Fig. 109. 
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charge which has been fully established in similar electrical 
actions,* and which we shall further show as equally true 
for magnetic actions, the force is as the square of the 
quantity pf magnetism in operation (229). 

214. It appears by an extensive series of experiments 
conducted in this way, that a limit exists in respect of these 
elementary inductive forces, different for different magnets, 
and varying with the magnetic conditions of the experiment, 
toward which the increments in the force continually ap- 
proach with greater or less rapidity, as the distance p n, 
Pig. 107, is diminished, as if the opposed bodies were only 
susceptible of a given amount of magnetic change. 

Taking the force toward the limit of the action, the 
amount of induction is in some inverse ratio greater than 
that of the simple distance ; it was not found, however, in 
any case which could be satisfactorily determined, to exceed 
the inverse sesquiplicate ratio, or f power of the distance 
(176). As the distance becomes diminished, the induction 
approaches the inverse simple ratio of the distance (175), 
and varies commonly according to that law. • At less dis- 
tances, the induction begins to vary in some ratio less than 
that of the simple distance inversely, such, for example, as 
the f power of the distance inversely (176). At small 
distances the induction was generally observed to be as the 

power or square roots of the distances inversely (175) ; 
thus causing corresponding changes in the general law 
of attraction reciprocally exerted between the opposed 
bodies. 

"When the convergence is slow, the law of the induced 
forces may be taken for a long series of terms as constant ; 
but should any circumstance interfere to accelerate the con- 
vergence, such as a particular texture or condition of the 
magnetic steel or iron, or a high magnetic power, then the 
law of force may appear subject to irregularity. As a general 
result, however, we may conclude, that the elementary force 
* Rudimentary Electricity, (102), p. 117, second edition. 
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of magnetic induction is as the magnetism directly, and 
from the £ to the $ power of the distance inversely. 

• 215. This understood, let us see how far these results 

may be applied in explanation of the different laws of 
force experimentally deduced by the many eminent philo- 
sophers who have turned their attention to this important 
question. 

Let a, Fig. 106 (209), represent a magnet opposed to a 
similar mass of iron b, at some given distance p n. Let the 
small space n be taken to represent the direct induction on 
the near extremity of the iron b, and the small space p, 
the reciprocal or reflected induction on the near pole of the 
magnet a; and suppose that every magnetic particle in 
n attracts every magnetic particle in p, and reciprocally. 
Moreover, let all the particles in n = a, and all the particles 
in p = b, and take distance p n as a unit of distance, then 
total force at this distance = 1 will be represented by a x £== 
a b. For the attraction of one particle of n to all the parti- 
cles in p will be as b ; the attraction of two particles of n to 
all the particles of p will be as 2b; of three particles, as 3 b; 
of m particles, as mb; bo that if b represent all the particles 
and m— a, the total force will be = a b. 

Suppose, now, we decrease the distance. Let the distance, 
for example, be reduced to one half p n , the magnet a being 
brought up to the line c d, then supposing the induction to 
vary as the simple distance inversely (214), n will become 
2 n, and p will become 2 p. In this case call the particles 
in n = 2 a, and the particles in p = 2 b ; then, considering 
2 a and 2 b as double particles, we have attraction of one 
double particle in n for all the double particles in p, as 2 b ; 
of two double particles in n, for all the double particles in 
p, as 2 x 2 b = 4 b; of three double particles, as 3 x 3 b == 9 b; 
and so on to m particles, which will be as m x 2 b = 2 m b. 
If m = 2 a, the total force will be represented by 2 a x 2 b = 
4 = 2 2 ab. 

Let distance p n be now further reduced. Suppose it 
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reduced to \p n 9 and that the magnet be now brought up to 
the line ef Then, according to the same law of induction, 
n becomes 3 n 9 and reflected force p becomes 3 p. Reasoning 
as before, we have total force = 3 a x 3£ = 9a5=3 2 a&. 
If distance be now diminished to $ p n 9 we have similarly 
total force represented by 4 a x 4 b = 16 a b = 4 2 a b 9 and 
so on. 

Taking, therefore, first force a b as a unit of force, and 
distance pn as a unit of distance, we have, at distances 1, 

L £, &c., the corresponding forces 1, 2 2 , 3 2 , 4 2 , &c. ; that is to 
say, the forces are in the inverse duplicate ratio of the dis- 
tances (175), according to the law of Lambert and Cou- 
lombe. 

Exp. 53. This law may be verified experimentally by 
placing a magnet, Fig. 107 (212), immediately under the 
trial cylinder t, and taking the forces within a range of about 
i to $ of the sensible limit of action. Thus the forces and 
distances, as deduced by the hydrostatic magnetometer 
(126), were as follow ; the distances being taken in tenths 
of an inch, the forces in degrees — 


Distances 12 10 8 6 5 

Forces 2 3 5 8*5 12 


216. We will now take a case in which the induced 
forces, in approaching a limit (214), are no longer in the 
inverse ratio of the simple distances, but as the \ power 
or square roots of the distances inversely. Then, taking 
a unit of force = a l 9 and a unit of distance = p n 9 and 
reasoning as before, suppose in decreasing the distance to 
line c d 9 that is, to \ the former distance, induced force n 9 
instead of becoming 2 n 9 is now only 14 n 9 or nearly, whilst 
p 9 instead of becoming 2 p, is now only 1*4 p 9 that is, the 
square roots of the distances inversely. In this case, calling 
force at distance unity = a b 9 we have force at distance 
£ = r4axl-4& = 20 & nearly. Similarly, in decreasing 
the distance to \pn 9 n becomes 1* 73 n 9 instead of 3 n, and p 
becomes 1*73^, instead of 3 p 9 and we have for total force at 
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distance \ =1* 78 a x 1* 73 5 = 3 a b, and so on. Thus, whilst 
the distances are 1, £, <fcc., the forces are 1, 2, 3. In this 
case the reciprocal forces of attraction are as the distances 
inversely (175), according to the law observed by Muschen- 
broek (185), cases 1 and 2 ; CEpinus, Tent. Theor. Electr. et 
Magn. 301, &c., also arrived at a similar result. 

Exp. 54. This law may be fully verified by experiment as 
in the preceding case, by taking the force and distances 
within about one-third the sensible limit of action. Thus, 
with a given magnetic power, the distances being 4 and 2, 
the forces were 8 and 16. In comparing the distances and 
forces with magnets of low power, especially in cases of 
magnets by induction, the forces are generally as the dis- 
tances inversely. Let, for example, the distance s N, Eig. 79 
(130), be made constant, and distance a b varied, the reci- 
procal forces of attraction, between a and b, will be almost 
invariably as the distances inversely. 

217. Should the induced forces in any case vary in some 
other inverse ratio of the distance, suppose, for example, it 
should approach the power of the distance, which it may 
(214), then on diminishing distance to the line c d , Eig. 106, 
= £ distance pn; force n will become 1*68 instead of 2 n , 
and force jp will be 1*68 p instead of 2 p, and we should have 
the total force at distance | expressed by 1*68 a x 1*68 b = 
2*8 a b nearly. Similarly at distance i it would be 2*8 a 
X 2*8 £ = 7*84 a&; since, according to the same law, n 
would become 2*8 «, and p would become 2*8 p, instead of 
3 n and 3 p (215), and so on. In this case, whilst the dis- 
tances are 1, $, i, the forces are 1, 2*8, 7*8 ; that is to say, 
they are in the inverse sesquiplicate ratio, or -f- power of the 
distances, according to the law deduced by Martin in three 
very unexceptionable experiments (189): that is to say, 
at % and i the distance the forces become nearly 3 times and 
5 times as great (176). 

Exp. 55. This result may be verified, as in the preceding 
experiments, by noting the distances and forces within. 



50 


ETJDIMIKTAJtT MAGNETISM. 


about i and ■§■ of the sensible limit of action. Thus, at dis- 
tances 8 and 4, the forces were 5 and 14, being in the inverse 
sesquiplicate ratio of the distance, or very nearly. 

218 . When the induced forces vary in any inverse ratio 

greater than that of the simple distance, we obtain laws of 
force in an inverse ratio greater than that of the second 
powers. Let, for example, the induced forces approach the |- 
powers of the distances inversely (214), so that on reducing 
distance pnio becomes 2 • 83 n ; at distance it becomes 

5*2 n, and so on ; instead of 2 n and 3 n as in the first case. 
And let force p vary similarly, then we have force at distance 
£ = 2*83 o x 2*83 6 = 8 a 5 = 2 3 a 6 ; at distance -J it would 
be 5 '2 a X 5 • 2 5 = 27 ab = 3 3 ab, and so on : that is to say, 
taking ab as a unit of force at a unit of distance ■= p n, as 
before, we have at distances 1, -J, ■§, the corresponding 
forces, 1, 2 3 , 3 3 , &c., that is, 1, 8, 27 ; by which we perceive, 
that as the distances decrease, the forces increase in the 
proportion of the cubes of the distances inversely (175) ; 
being the law of force given by Sir Isaac Newton (181). 

JExp. 56. We may verify this result experimentally, by 
taking the forces and distances from about £ to £ of the 
limit, of action. The balanced beam, Fig. 107 (212), is well 
adapted to this experiment: and if we substitute a small 
magnet for the trial cylinder t , so as to extend the limit of 
aetion, then this law will become very apparent. Thus, at a 
distance of six inches, the force was observed to be 2° ; at 
3 inches it increased to 16°. 

219. By taking the induced forces p n in some other 
inverse ratio (214), we may in a similar way obtain a law of 
of force, such as found by Brook Taylor, Whiston, and 
Hawskbee. Suppose, for example, that at distance n be- 
comes 2*37 times as great, and that p varies with it, we 
should then have the total force at distance £ = 2 *37 a x 
2*37 b = 5' G ab nekrly, which would be §s the square root 
of the fifth power of the distance inversely (176), and which 
result may frequently be obtained in taking the forces and 
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distances within limits from about the f to ■$ of the sensible 
distance of action. 

If magnetic forces could be satisfactorily traced to the 
limits of their vanishing points, we might probably obtain 
laws of force in the inverse ratio of the fourth or fifth 
powers of the distances ; at least there appears no reason to 
suppose that the law of the inverse cube of the distance is 
the ultimate law of this species of force; supposing it to 
depend on the mutual play of the inductive actions we have 
described (209, 214). 

220. It may be, perhaps, as well to remark here, that in 
all these laws of force as thus deduced, and which differ from 
that of the inverse square of the distance, the same result 
may be arrived at in supposing a limit to one only of the 
forces (209). If we suppose, for example, the reflected force 
p, Fig. 106, to * change so little at small distances from 
the magnet, as to admit of being taken as constant. Then 
the total force would vary with the other ; that is to say, it 
would be as the distance inversely, supposing the direct 
force to continue according to that law (214). Thus (216), 
suppose at distance £, force n became 2 n, whilst force p 
remained unchanged, we should then, calling force at a unit 
of distance a x b as before, have the force at distance 
£ = 2ax£> = 2a&; that is to say, the distances being as 
2 : 1, the force would be as 1 : 2. A similar reasoning ap- 
plies to all the other cases (217, 218, 219). It is, however, 
more in accordance with observation to suppose the two 
forces to vary together. 

221. The reciprocal attraction between the opposite poles 
of two magnets differs only, from that of the force exerted 
between a magnet and iron, in degree of distant action, not 
in kind. By the presence of permanent polarities in both the 
opposed surfaces, instead of in one only, the inductions upon 
which the subsequent attraction depends are greatly facili- 
tated. In the force as exerted between a magnetic pole and 
mere iron, the pole n, Fig. 106 (209), upon which the reflected 
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force depends, has first to be produced ; that is to Bay, the 
magnetic forces resident in the iron (14) must he first 
developed, and a portion of one of them determined in the 
direction of the magnet ; whereas, in the reciprocal force 
between opposite magnetic poles, this portion of the attrac- 
tive process is already complete, and the remaining part is a 
determination of the opposite forces in each bar in the direc- 
tion of the opposed poles (210). In this case the limit of 
the distance at which the forces act is very considerably 
increased ; by employing a small and powerful trial magnet 
in the balanced beam, Eig. 107 (212), we may obtain indi- 
cations of measurable force at a distance of 10 inches or 
more ; with delicately suspended needles and large magnets, 
Scoresby obtained indications of force at distances of 50 or 
60 feet. 

222. If we proceed to investigate the laws of magnetic 
repulsion, as exerted between similar magnetic poles (31), 
we shall find the same mutual play of reciprocal inductive 
force, as in the case of attraction ; with the exception that 
the tendency of the inductions is in a contrary direction to 
that of the existing magnetic developments, Eig. 18 (28) > 
and consequently to subvert the opposed poles ; now the 
resistance to this subversion by the already established 
polarities, is probably the source of the repulsive effect (31). 
In conformity with this result, if we present to the pole 
of the magnet m, Eig. 109, whilst acting on the trial cylin- 
der t, the similar pole of a second magnet m, the force on 
the trial cylinder will appear to increase. This is in fact 
the converse of the result already adverted to (213) ; 
here the tendency of the induction is (14) to repulse the 
similar polarity, and so increase its operations in other direc- 
tions ; we could hence deduce the law of this induction by 
observing the increase or decrease of the force upon the 
suspended cylinder, as the distance between the two mag- 
netic poles is varied. 

Supposing the laws of the inductive force to be the same 
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as before ( 214 ), let the similar poles of two magnets a b, 
Fig. 106 , be opposed to each other, and let the small space n 
be taken to represent the amount of the subversive tend- 
ency on the magnet b, and the small space p that on the 
magnet a, then calling all the active magnetic particles in 
ft = a, and all those in^? = b, and taking some distance p n as 
a unit of distance, we have, according to a similar notation 
and reasoning before given (215), force at distance unity = 
ax b ; supposing the induction to vary as the distance in- 
versely, and the polarity to remain unchanged, it will be at 
distance |=2flx2& = 2 2 aJ = 4a5; at distance i it will be 
=z 3 a x 3 b = 3 2 a b = 9 a b, and so on ; according to the law 
determined by Coulombe (207) ; that is to say, the resulting 
force will be as the second powers of the distances inversely, 
and which may be verified experimentally by means of the 
two magnetic instruments (212) employed in all the pre- 
ceding experiments ; similar instead of dissimilar magnetic 
poles being opposed to each other, and a limit of distance 
being taken, such as does not affect the existing and esta- 
blished polarities. If in this, as in the former case of attrac- 
tion, we suppose the inductive action to vary (214), then we 
may obtain laws of force according to other inverse powers 
of the distance. In fact, we may suppose the induction 
to be such, as will give any law of force, consistent with the 
nature of magnetic action. It is not, however, probable, 
from the peculiar character of magnetic repulsion, that any 
law of force in a greater inverse ratio than that of the second 
pow T er of the distance would be likely to obtain, although 
the force may be frequently found to vary, as is commonly 
the case, in a less ratio ; as, for example, in the inverse ratio 
of the simple distance, a very common law of repulsive 
force at comparatively small distances. 

223. We have further to observe, that from the circum- 
stance of the total repulsive power being dependent on the 
permanency of the opposed polarities, and on their relative 
intensity, we may infer, that in the case of opposed polari- 

j? 2 
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ties of very unequal force, the weaker may, at some limit of 
distance, yield to the inductive action of the stronger, and so 
an opposite, but weak, polarity may become induced upon 
the subversion of the polarity before existing. In this case 
the increments in the repulsive force would continue to 
decline, and the repulsion would at length be superseded 
by a weak attraction. This result is especially seen in 
Muschenbroek’s experiments before quoted (188), and is 
easily obtained by means of the hydrostatic magnetometer, 
with magnets of very unequal force.* Indeed, it is no uncom- 
mon case to find two magnets repel at some distances, and 
attract at others. Even if we employ two magnets of pre- 
cisely equal power, the tendency is always to a mutual 
reversion of their poles : and this tendency is so powerful as 
the distance between them becomes considerably diminished, 
that in no case do they remain unchanged. Under such 
conditions, therefore, experiments with repelling poles of 
opposed magnets would be open to considerable disturbance, 
and the results, as observed by Muschenbroek, not conform- 
able to any regular law of force (184). 

224. On a careful review, then, of these investigations, 
we find a fair solution of the seeming contradictions and 
differences in the results of experiments on the law of 
magnetic force, by many eminent philosophers, alike distin- 
guished for their scientific learning and experimental in- 
genuity ; and they appear to verify, in a remarkably clear 
and satisfactory manner, the truth of the deduction arrived 
at by the celebrated Brook Taylor, viz. : “ That magnetic 
attraction, as commonly observed, is quicker at greater dis- 
tances than at small ones, and different for different mag- 
nets which taking the facts as they present themselves in 
the ordinary way, is undoubtedly the case ; and is, if the 
principles we have laid down be exact, not merely an experi- 
mental fact, but a necessary result of the elementary laws of 
magnetism (209, 214). 

* Eilinb. Phil. Trans, for 1829, p. 37. 
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It is, perhaps, to be regretted, that from a pre-disposition 
to identify the law of magnetic attraction with that of central 
forces generally, several profound writers have been led to 
question the accuracy of every result opposed to such a 
deduction. Thus, it has been said of Newton, who found 
the force of magnetism nearly as the cubes of the distances 
inversely (181), that he had very inaccurate ideas of mag- 
netic phenomena. # It would be very difficult, however, to 
show from the little which this great author has advanced 
on this subject in his immortal work, the Principia , in what 
his notions were defective ; on the contrary, they appear to 
be in most perfect accordance with experiment, and true to 
the letter. In associating magnetic action with a law of the 
centrifugal forces of particles terminating in particles next 
them, Newton never pretended to offer any theory of mag- 
netism, but says, with his usual diffidence, “ whether elastic 
fluids do really consist of particles so repelling each other is 
a physical question,” which he leaves philosophers to deter- 
mine. On the other hand, the learned Dr. Robison is led 
to question the accuracy of all the results produced by 
liawksbee, Brook Taylor, Muschenbroek, and others (182), 
conceiving them to have been defective and injudicious ; and 
further states, as we have already observed, that magnetic 
attractions and repulsions are not the “ proper phenomena 
for declaring the precise law of variation.” Yet it was by 
the means of these very same attractions and repulsions 
that Lambert, and more especially Coulombe, deduced what 
this accomplished author considers to be the true law of 
Magnetism. * 

225. Law of Force in different Points of a Magnetic Par . 
— We have seen (25) that the polar forces in a magnetic 
bar decrease rapidly as w r e recede from the extremities, and 
at last vanish in a point termed the magnetic centre. If, 
therefore, we erect, between the magnetic centre and pole, 
Pig. 110, a series of perpendiculars or ordinates, a h c, &c., 
* Edin. Encyclopaedia, vol. xiii. p. 270. 
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Pig. 110. a! b' c‘, &c., sucli as 

i may represent the 
force in given points, 
thenit is certain these 
lines will increase ra- 
pidly as w r e approach 
the poles a b, and we 
B should, in passing a 
line through the ex- 
tremities of these per- 
pendiculars, obtain 
for the force of the 
north and south po- 
larities, some such 
curve as that represented in the figure by the lines c m t, 
c q t } the ordinates being nothing in the centre o. Cou- 
lombe endeavoured to determine the value of these ordinates 
in the following way : — 



Fig. 111. 


y 



Having determined the times of oscil- 
lation of a delicately suspended needle, 
s n, Fig. Ill, a long magnetic wire, s y, 
was then placed vertically in the line of 
the magnetic meridian, immediately op- 
posite the needle, the dissimilar polari- 
ties being opposed to each other. This 
would not of course change the direction 
of the needle ; it would only affect the 
rate of vibration (139) . The needle was 
now caused to vibrate opposite various 
points, sab, &c., of this linear magnet, 
and at a constant distance from it. 
Then, taking the forces as proportionate 
to the square of the number of vibrations 
(139), and deducting the constant force 
previously determined, and by which 


the needle vibrates when the magnet s n is ’away, we 
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obtain the force due to any given point a , b 9 &c. In this 
.experiment Coulombe supposes that the resulting force, as 
thus determined, is very nearly that of the point opposite 
which the needle vibrates ; for, if we suppose the oblique 
forces of other points a , c, on each side of a given point 5, 
to influence the result, still one-half the sum of the equi- 
distant oblique actions will not be very different from that 
of the given point b ; for if the points on one side a, are 
more powerful, those on the other are more weak ; and what- 
ever be the nature of the curve c m t, Kg. 110, which joins 
the ordinates, we may consider any very small portion, m, as 
a straight line. When, however, we come to the extremity 
of the wire or pole s, then, because there is no point outside 
it, as in the other cases, he doubles the number representing 
the square of the number of oscillations, by which artifice he 
renders the experiment for points near the pole comparable 
with the others. The curve of intensity thus traced by 
Coulombe, is a species of curve termed the logarithmic 
curve, the ordinates of whiclv^, b , c , &c., Kg. 110, are in 
geometrical progression, whilst the abscissae, c a, c b, &c., 
corresponding to these ordinates, are in arithmetical pro- 
gression.* M. Biot, who treats this question from Cou- 
lombe’s manuscripts, concludes that this result is a necessary 
consequence of the law of magnetic force being as the 
squares of the distances inversely, and that magnetism, like 
electricity, is little sensible in a body of regular figure before 
we approach its extremities, when it increases very rapidly. 

226. The results and progress of Coulombe’s investigation 
are, it must be admitted, neither so perfect or so satisfactory 
as could be desired, owing probably to the many difficulties 

* That is to say, the absciss® or distances c a, c i, c e, &c., Fig. 110, 
increase by the constant addition of some given number 1, 2, 3, &c., as 
the case may be, and the corresponding perpendiculars or ordinates, a, b , 
e, d , &c., by a continued multiplication by some given number, 2, 3, 
4, &c. 



53 


BTTDMEKTJJtY MXGItETISM. 


which embarrass the experiment, and the uncertain con- 
dition of the line of particles of the steel as to temper and. 
other circumstances. It is therefore doubtful whether the 
logarithmic curve really represents the law of intensity from 
the middle point of the axis toward both poles. Lambert 
considers the force of each transverse element to be directly 
as the distance from the centre, whilst Eobison, who repeated 
Lambert’s experiments, imagines that this is only true for 
certain magnets. The results of Hanstein’s inquiries (208), 
before quoted, go to prove, that the power of the distance 
representing the increase or decrease of the magnetic inten- 
sity between the centre and the poles of a magnet, agrees 
most perfectly when that power is taken = 2, or that the 
intensity of any magnetic particle situated in the axis is pro- 
portional to the square of its distance from the middle point 
of that axis. 

227. Much uncertainty appears to have attended these 
inquiries, in consequence of a want of due attention to the 
regularity and temper, and the regular development, pro- 
bably, of the magnetism throughout the bar. It is well 
known that bars not regularly and equably tempered, or only 
hardened about the extremities, will not retain any magnetic 
power except in the tempered parts. In other cases of very 
long bars, to which an adequate power for their complete 
magnetizing has not been applied, we have what has been 
called by Van Swinden culminating points, that is to say, 
they appear to consist of a series of magnets with opposite 
poles in contact ; added to this, the investigation has been 
further embarrassed by the methods of experiment ; these 
have been more or less indirect and liable to uncertainty. 
We may however, by a careful and skilful experimental 
arrangement, arrive at a fair approximation to the law in 
question, and in the following way : — 

Exp, 57. Let a steql bar, a b, Fig. 11£, of uniform 
texture, about 20 inches long, 1 inch wide, and *3 of an inch 
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thick, be very carefully and equably tempered throughout its 
entire length, and rendered powerfully magnetic by the usual 
process (20), and 
in such way as 
to bringthemag- 
netic centre o 
(26), as nearly 
as possible in the 
centre of the bar. 

Verify the posi- 
tion of this cen- 
tre on the upper 
surface a b, by 
the process described (28) Exp. 12, and divide that surface 
on each side the centre c into a given number .of equal 
parts by lines 1, 2, 3, 4, &c., continued down over one 
side of the bar. These divisions may be about an inch 

and a half apart. The bar being thus prepared, place it 
edgeways on the table of support represented Eig. 78 
(129), under the trial cylinder t , the divided surface a b 
being uppermost. Examine the forces at successive points 
1, 2, 3, &c., through a small cylindrical armature of soft 
iron «, of the same diameter above as the trial cylinder t, 
and about f of an inch or more in height, and at a 
constant distance, a t, this armature being fairly applied to 
the surface, and so as to cover a small space on each side of 
any given division. Thfe square root of the force thus taken 
in degrees on the graduated arc of the instrument (126) will 
very nearly represent the comparative magnetic develop- 
ment. We may, in fact, observe, that by means of the 
armature a, we place the trial cylinder sufficiently beyond 
the influence of other parts of the bar, whilst the action 
becomes reduced to two points a t f or nearly so. Then, 
with respect tp the armature itself, we may further observe, 
that supposing the resulting force to be partly derived from 
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the oblique forces on each side of it, still those forces would 
be very inconsiderable as compared with that of the point 
actually covered by the armature. Besides, as remarked by 
Coulombe (225), if we conceive the points on the side next 
the centre to be less forcible than those next the pole, still 
half the sum of all the equidistant forces would come very 
near the force of the point immediately under the armature, 
at least for a long series of points, extending from the centre 
c, but not carried quite up to the extremity of the bar. We 
may therefore obtain in this way such an approximation as 
will leave no doubt as to the law we seek to discover. 

The experiment thus carried out gave the following 
results, the distance a t being *3 of an inch : — 

Distance from centre 1 2 3 4 5 

Force in degrees 1 4 10 17 28 

Magnetic development, or square roots 
of forces.,.. 1 2 3*1 4 12 5 29 

It appears, therefore, by these results, that the magnetism 
in different points of a regularly tempered and magnetized 
steel bar, of uniform texture, is directly as the distance from 
the magnetic centre; whilst the reciprocal force between 
any given point and soft iron is as the square of the dis- 
tance from that centre. The distinction is important as 
regards all the preceding investigations, which may be taken 
to refer exclusively to what may be termed the intensity 
(229). 

228. Laws of Magnetic Charge . — Magnetism, like elec- 
tricity, appears to be a species of force confined to the 
surfaces of certain bodies without any relation to their mass. 
Its accumulation, however, or rather development, in tem- 
pered steel, rather partakes of the form of electrical excita- 
tion, than that of accumulation on insulated conductors; 
when developed in soft iron by influence (33), the develop- 
ment is very analogous in character to that of electrical 
induction by the influence of charged upon neutral con- 
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ductors. Now, although the terms magnetic charge, quan- 
tity of magnetism, and such like, may appear to convey a 
very hypothetical meaning, they are yet, if taken in the 
ordinary acceptation of such terms, as applicable to magnetic 
as to electrical action, since there must necessarily be some 
element of magnetism corresponding to the general term 
quantity, as expressive of the relative or absolute amount of 
the agency in operation, and upon which the observed phe- 
nomena depend. We have not, however, hitherto arrived 
at quantitative measures in magnetism, which, like the unit 
measure in electricity, determines the quantity of charge 
conveyed to coated glass. We know not, in fact, by the 
ordinary processes of magnetizing, what the relative quan- 
tities of magnetism may be, as developed in various bars ; 
hence the investigation of such measures is of no small 
importance to the progress of magnetic inquiry. 

By magnetic charge, then, we are to understand the 
amount or quantity of magnetism existing in a bar of tem- 
pered steel or iron, under a given attractive force, and which 
we may, as in electricity, term intensity. The following 
experiment shows that 
this intensity is indepen- 
dent of the mass of a 
magnetized body; and 
that consequently the 
magnetic development is 
entirely confined to the 
surface. 

JExp, 58. LetAB,Eig. 

113, be a small cylinder 
of soft iron, about 2 
inches long, i an inch in 
diameter, and of an 
inch thick. Let a b be 
an interior solid cylin- 
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der, also of soft iron, closely applied to the interior surface 
of the external cylinder a b, but capable of being drawn out 
to any point c, or otherwise removed altogether. Let now 
this joint cylindrical mass be attached to a divided scale, 
and a magnet m, fixed at a constant distance p immediately 
under it, bring the whole immediately under the trial cylin- 
der t as represented in the figure, and according to the 
arrangement more fully shown Fig. 77 (129). We may 
then estimate by the attractive forces on the trial cylinder t 
any change of intensity in the induced magnetism, the cylin- 
der a b being taken either hollow or solid, or influenced by a 
greater or less extent of surface cab. Things being thus 
arranged, and the distances p and t being regulated to within 
■ To of an inch, the following results were obtained: — The 
force, as observed, with the joint cylinders a b and a b taken 
together as a mass, amounted to 10° ; under this attractive 
force, the interior cylinder a b being extended toward c, the 
intensity or force on t = 10° gradually declined ; when the 
surface extended to the greatest limit c the intensity was 
only i as great, the force then being only 5°. On removing 
the interior cylinder a b altogether, the intensity again 
returned to 10°, being precisely the same as at first. We 
may hence conclude that Magnetism, like Electricity, is 
influenced only by surface, and is altogether independent 
of the mass: a deduction, further supported by the fact 
that a hollow tempered steel cylinder acquires as great 
magnetic power by the ordinary process of magnetizing, as 
a solid tempered steel cylinder of the same dimensions. 

229. Magnetism then being a development confined to 
the surface of magnetic bodies, we require to determine its\ 
intensity in respect to the quantity developed, and the 
extent of surface over which it is disposed. In reviewing 
the deductions (215) bearing on the law of magnetic attrac- 
tion, it may be observed that the reciprocal force is always 
as the square of the induced magnetism ; that is to say, as 
the square of the quantity of magnetism brought into opera- 
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tion. Thus, where the force is in the inverse duplicate ratio 
of the distance (215), when induction = n, we have force 
represented by a b; when n becomes 2 it, force = 2 2 a b ; 
when n becomes 3 n, force = 3 2 a b, and so on : that is to 
say, whilst the inductions or quantity of magnetism developed 
are 1, 2, 3, &c., the reciprocal forces of attraction or intensi- 
ties are 1, 4, 9, &c. : the same is observable in any of the 
other laws of force. Take, for example, the case in which 
the force is as the cubes of the distances inversely (218) : 
when induction = n, force is = a b ; when n becomes 2*83 n, 


we have force = 2 3 a b = 8 a b = 2 * 83 a b ; when n becomes 

i 

5*2 n, force is S 3 ab = 27 a b = 5*2 a b ; that is to say, 
whilst the quantities of magnetism induced are as the num- 
bers 1, 2*83, 5*2, &c., the forces are as the squares of those 
numbers. We may from this infer, that to arrive at the 
quantity of magnetism in operation, all other things being 
the same, we must refer it to the square root of the attrac- 


tion or intensity. 

230. This deduction being i 
of magnetic action, it may be 
as well to further verify it by 
something like a direct and 
quantitative process. 

JExp . 59. In this experi- 
ment let a, b, c, Fig. 114, be 
three precisely equal and simi- 
lar voltaic batteries on Smee’s 
principle (47), each battery 
consisting of two elements, 
and charged with dilute sul- 
phuric acid. Let t represent 
a cylinder of soft iron, about 
8 inches long, and £ an inch 
in diameter, attached to a di- 
vided scale tv, and surrounded 


new and important feature 
. Fig. 114. 
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by three distinct coils of copper wire covered with silk 
thread, not superposed, but coiled successively round the 
iron. Let the extremities of these coils 1 T, 2 2', 3 3', ex- 
tend to each of the batteries a, b, c, so as to appropriate each 
coil to a corresponding battery; for example, coil 1 1' to 
battery a, coil 2 2' to battery b, and so on ; the whole being 
so circumstanced as to admit of an easy connection, and so 
bring one or more batteries into action at pleasure. Let the 
iron cylinder t, thus circumstanced, be placed at a given dis- 
tance p n immediately under the trial cylinder t, suspended 
from the wheel of the magnetometer (126) as in the pre- 
ceding cases ; then, as is evident, when either one or more of 
the batteries a, b, c are brought into operation through their 
respective coils, the iron T becomes magnetic (53) ; and 
hence arises a reciprocal attractive force between its ex- 
tremity p and the trial cylinder t n, which force is repre- 
sented in degrees of the graduated arc attached to the 
instrument (126). Supposing the batteries to be precisely 
equal and similar, and each to develop the same magnetic 
force when taken singly, we may infer that if one battery A, 
and one coil 1 1', call up one quantity of magnetism con- 
sidered as a unit of quantity ; then two batteries A-f b, and 
two coils 1 1' -f- 2 2 ', taken conjointly, will develop two 
quantities ; three batteries and three coils will produce 
three quantities. To determine the law, therefore, as re- 
gards quantity, it only remains to observe the forces of 
attraction corresponding to these several developments. 

The experiment thus carried out gave the following series 
of results ; the distance p n being regulated at ^ of an 
inch. 

Batteries or quantity of magnetism .... 1 2 3 

Force in degrees 4 17 37 

We may here perceive that the intensity (force) is as the 
square of the quantity of magnetism, or very nearly ; being 
precisely the same law as that deduced for electrical charge.* 
* Rudimentary Electricity, (102), p. 118, second edition. 
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To obtain, therefore, the relative quantity of magnetism in 
operation, we must take the square roots of the respective 
intensities ; the magnetic surface and all other things being 
the same. 

231. Although this law appears pretty evident as respects 
the amount of magnetism in the same or equal magnets, we 
still require much further investigation of the law of inten- 
sity as regards dissimilar magnetic bodies of variable size 
and surface. The conformity of the previous law of mag- 
netic charge with that of electricity would lead to the con- 
clusion that the law of surface was also the same, and that 
the intensity would be as the square of the surface in- 
versely;* that is to say, the same quantity of magnetism 
developed upon a double surface would have only i the 
intensity. In the present state of magnetic research we 
can only look to this as being a highly probable result ; 
since we have not any direct methods of experiment, as in 
electricity, by which such a law can be fairly verified, we 
require in fact to change the surface without interfering 
with the magnetism. Now this is not easily accomplished; 
if, as in Exp. 58 (228), we extend the surface, we are likely 
at the same time to change the amount of induced mag- 
netism, and we get a mixed result ; or if, in the last Exp. 59, 
we increase the dimensions of the iron cylinder t, we are 
not sure that the quantity of magnetism will remain the 
same. Until, therefore, some further means of investigating 
this question by experiment are at our command, we must 
be content with considering the law of charge as regards 
surface in the light of a high degree of probability. 

Supposing these laws of magnetic charge so far esta- 
blished, we may conclude that if the respective intensities 
of two similar magnets, the surfaces of which are to each 
other in a given ratio, say as 1 : 2 be the same, then the 
quantities of magnetism in each will be in the same ratio, 
that iB also as 1 : 2 ; for whilst the intensity increases with 
* Rudimentary Electricity, (114) (115), pp. 134, 135, second edition. 
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the magnetism, it decreases with the surface ; and hence with 
twice the quantity of magnetism upon twice the surface, it 
remains unchanged ; being precisely the same law as that of 
the accumulation of electricity on coated glass, in which the 
intensity of a whole battery is no greater than that of one 
of the elementary jars taken singly. 

232. We must not, however, confound this result with a 
collection of charged jars, or a combination of magnetic 
bars, each jar or magnet operating independently of the 
others. What is termed a magnetic battery (19, 115) 
differs essentially from the electrical battery. It is in fact 
a mere assemblage of magnets, the resulting intensity ap- 
proaching in a greater or less degree the sum of the inten- 
sities of the whole series ; no one magnet forms, as it were, 
any part of any other magnet ; whereas, in the electrical 
battery, all the jars are united, as it were, into one great 
whole through the charging rods ; and the intensity is no 
greater in the whole combination than in any one jar taken 
singly.* To assimilate the action of a number of charged 
jars with that of a combination of magnets, the jars must be 
separate, and each brought to operate independently of the 
others. Imagine, for example, a light-conducting disc, of 
6 inches in diameter, poised and suspended from a common 
balance, then if we place a small charged jar immediately 
under it at a given distance, the balance will indicate a 
given force. Let a second similar jar be now placed by 
the side of the former, then the attractive force will be 
twice as great, and so on; until we have filled an area 
exactly equal to that of the suspended disc. We may 
further conclude that the relative magnetism, in two pre- 
cisely similar and equal magnets, will be as the square 
roots of their respective intensities (229), as determined by 
either of the magnetic instruments (212) employed in these 
researches. 

238. The Magnetic Curve . — The two forces developed in 
* Rudimentary Electricity, (117), p. 139, second edition. 
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a magnetic bar, and resident in its surface, give origin in 
operating on each other through particles of ferruginous 
matter, to certain curved lines of force, as indicated (28) 
Pig. 16. These lines were originally considered as the 
“ curvature of the magnetic current,” under an impression 
that they originated in the circulation of a subtle fluid about 
the poles of the magnet. Although this hypothesis is now 
but little valued, yet, as observed by Lambert, we must 
admit the existence of the curves, and may, without any 
very great violation of language, call them curves of the 
magnetic current ; it is not the name which constitutes the 
difficulty; whatever name we give them, we have still to 
determine the nature and properties of the curves. 

This very beautiful physical question constitutes, as before 
observed (202), the principal feature of Lambert’s fine 
mathematical paper in the Berlin Memoirs, and has further 
engaged the attention of several eminent philosophers. 
Dr. Boget, the talented author of the treatise on Mag- 
netism, published by the Society for the Diffusion of 
Useful Knowledge, has also treated this question with con- 
siderable ability. Not only has he given many interesting 
demonstrations of the fundamental properties of the mag- 
netic curve, but has also described a mechanical instrument 
for generating them.* In referring to Pigs. 16, 17, 18 (28), 
we may perceive that the magnetic curve is either con- 
vergent, as in Pigs. 16 and 17, or divergent, as in Pig. 18, 
according as we employ one or more magnets, and according 
as we refer the forces to similar or dissimilar poles. If we 
conceive, Pig. 16, each small particle of iron to be an indefi- 
nitely small needle free to move in any direction, it would 
necessarily arrange itself in a given determinate position in 
respect of the forces in action. In fact, it may be demon- 
strated, that supposing the magnetic force to vary in the 
inverse duplicate ratio of the distance, the direction of the 


* Journal of the Royal Institution, February, 1831. 
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axis of a magnetic needle, placed at a given distance from the 
centre of the magnet, will be always a tangent to the point 
of curvature of one of those peculiar oval curves indicated in 
the figure (28). Taking, therefore, the ferruginous particles 
as indefinitely small magnetic needles, we may conceive the 
line of curvature at any given distance from the centre as 
made up of a series of such small needles. With respect to 
the curve itself, it may be considered, geometrically, as 
generated by the movement of two lines a c, b c, ligs. 115 
and 116, termed radiants, 
and which revolve about Fig. 115. 

the poles a b, with angular 
velocities proportional to 
the varying distances a c, 
b c, from the point of in- 
tersection c. Let, for ex- 
ample, the two radiants 

ac, B c, be supposed to Fig. 116. 

turn about the poles a and 
B, and let them have moved 
together into the positions 
A c, B c, then if angle c ac 
be to angle o b c as a c to * 

B c, the points c c will be A 
points in the magnetic 
curve. 

The direction of the motion of these radiants, a c, b c, 
may be, as is evident, either in the same, or in opposite 
directions. When in opposite directions, as in Fig. 115, 
both the polar angles, cab and cba, increase together, 
and the curve is convergent ; in this case we have a single 
continuous branch ace. When, however, the radiants 
revolve in the Bame directions as in Fig. 116, then whilst 
one of the polar angles cba increases, the opposite angle 
cab decreases ; in this case the curve is divergent, and 
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finally resolves itself into two divergent branches, as shown 
in the figure. 

The magnetic curve possesses several very interesting 
geometrical properties, as may be seen in Leslie's elegant 
work on Geometrical Analysis;* we have not, however, 
sufficient space to admit of a more general exposition of this 
subject. According to one of the principal properties of 
this curve, the sines of the angles made by a tangent and 
the radiants, drawn to the point of contact, are proportional 
to the square of the radiants. Thus, supposing a tangent 
drawn to the point c, Fig. 115, we should have the sines 
of the angles formed with c a and c B :: a c 2 : b c 2 . In the 
construction of this curve we require to find points in which 
a small needle being placed, its direction will be a tangent 
to the curve. 

234. We must not conclude our account of these several 
inquiries into the nature and laws of magnetic force, without 
an especial notice of Professor Barlow’s very important 
investigations of the action of spherical and other masses of 
iron, on the compass-needle, remarkable not only for the 
precision and elegance of the experiments which they con- 
tain, and the mathematical learning and address which they 
display, but also as furnishing one of those rare examples of 
physico-mathematical research alike important to the student 
and to the progress of science. 

These researches were commenced soon after the appear- 
ance of Hanstein’s work in 1817 (208), and were undertaken 
with a view of correcting the errors arising out of the 
attractive influence of the iron of a ship on the compass. 

As a preliminary experiment, an iron shell, such as used 
in the common howitzer mortar, was placed in different 
positions about a compass (143), considered as a centre of 
position, and the deviation of the needle noted both as 
regarded quantity and direction. Now it was soon disco- 
* Page 399. 
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vered that the deviation depended on the position of the 
centre of the shell in respect of the centre of the needle, the 
shell being elevated or depressed in a given vertical, so as to 
place its centre alternately above and below the needle, the 
deviations of the needle were observed to be in opposite 
directions ; that is, they were first easterly and then westerly, 
or reciprocally. Now this happened in every azimuth plane 
(149), except the plane of the magnetic meridian. In this 
plane the compass maintained its true direction. From these 
changes in the deviation it followed, that in carrying the 
shell about the compass, and elevating or depressing it, in 
different vertical planes, a point would exist in each plane, 
in which the deviation would vanish, since the deviation 
could not possibly change from an easterly to a westerly 
deviation without passing through a point of neutrality. In 
the azimuth, east and west, at right angles to the magnetic 
azimuth or meridian, the deviation was nothing at the line 
of intersection of the magnetic with the horizontal plane, 
that is in the east and west line. In this line the needle 
also took its natural direction. Now it occurred to Professor 
Barlow, that if a great number of points of no deviation were 
thus determined, they might all be in the same plane, which 
plane would probably in these latitudes be inclined to the 
horizon ; for, since only two opposite points of no deviation 
were observed in the horizontal plane, it could not evidently 
be parallel to the horizon. 

235. With a view to a more perfect experimental investi- 
gation of this interesting question, Professor Barlow con- 
trived a new form of the experiment. His apparatus is 
represented in the annexed Fig. 117. A plane table t, about 
4 feet 8 inches in diameter, fixed on massive pillars, being 
covered with fine paper, has several concentric circles drawn 
on it. The circular plane is divided into 144 equal parts by 
radii drawn to every 2 \° of the circumference, and all parting 
from one principal diameter N s, taken in the line of the 
magnetic meridian. The centre of this table is a distinct 
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circular piece of 18 in. 
diameter, which may be 
removed so as to leave 
an opening for an iron 
ball or shell n, weighing 
about 288 lbs., and hung 
on a set of Smeaton’s 
pulleys. Things being 
thus disposed, a compass 
c is placed on one of 
the concentric circles of 
about 20 inches radius 
or distance from the 
centre, and the devia- 
tions under the influence 
of the iron ball d ob- 
served at each 5°, in 
different azimuths, that 
is, in carrying the compass quite round the circle. By 
elevating or lowering the ball, the height or depth of its 
centre, above or below the centre of the compass needle, in 
the various points of no deviation, could be easily deter- 
mined. The result of this experiment clearly proved that 
the points of no deviation are all in the same plane, which 
plane is inclined to the horizon at an angle of about 20°, 
being the complement of the angle of the dipping-needle 
(153), that is, the quantity required to complete 90°, the dip 
being about 70° (158). 

It is quite clear that this method of observation is vir- 
tually the same as the former (232), the difference beings 
that we circulate the compass about the ball, instead of 
carrying the ball about the compass, and instead of elevating 
or depressing the centre of the needle, we raise or lower the 
centre of the ball. 

236. It may perhaps facilitate the conception of this 
extremely beautiful experiment, and the results arrived at, 


Fig. 117. 
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if we suppose the ball d, Fig. 117, to be fixed in the centre 
of the table t, one half being above, the other half below the 
plane of the table, as shown in the next Fig. 118, and then 

imagine the compass to be cir- 
Fig. 118. culated about the ball. The 

experiment would then stand 
as in Fig. 118. In this figure 
let if E 8 w be the horizontal 
plane of the table, d the iron 
ball. Let s n be the direction 
of the dipping-needle (153), 
Fig. 92 ; N s s n the magnetic 
meridian, and n s the direction 
of the horizontal needle. Now 
we are to suppose the compass to be circulated about the 
ball Din a circle of a given radius, say 20 inches, and its 
centre elevated or depressed above or below the horizontal 
plane at each azimuth of 5° (149), as the case may be, until 
the deviation vanishes. In this case the centre of the 
compass would be found to have moved in the plane t E^> w, 
inclined to the horizon n e s w, about 20°, and perpendicular 
to the direction n s of the dipping-needle. 

Our conceptions of this experiment may be still further 
enlarged, if, instead of the horizontal needle, we suppose a 
small dipping-needle to be circulated about the ball, prepared 
as in the annexed Fig. 119 ; in which, let a b 
Fig. 119. be a very small magnetic needle, centrally 
suspended by a delicate thread z c , and 
crossed at the centre c by a horizontal index 
d e, consisting of an extremely light reed, or 
a bristle. If this needle be circulated about 
/° the ball d, Fig. 118, as before, the index d e 

& — e vrill exhibit the same deviations as the hori- 

j/ zontal needle, w r hilst the relative position of 

the inclined needle in respect of the polar axis 


Fig. 119. 
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n s of the ball d, will materially assist our comprehension of 
the results. 

Let us then imagine this needle, a b , Fig. 110, to be 
in the point w, Fig. 118 ; it will in this point have no 
deviation (234) ; here the line of direction or axis of the 
needle being parallel to the polar axis s n of the ball, and 
the line d w, joining their centres being their perpendicular 
distance, all the attractions upon the needle will balance. 
Directly, however, we move the needle out of this position, 
the same conditions do not arise, except the centre of the 
needle move in the plane w p e t. It is only in this plane 
that the direction a b, Fig. 119, of the needle, and the polar 
axis s n, Fig. 118, of the ball n, remain parallel, and their 
centres always at the same perpendicular distance. We see, 
therefore, why it is that the points p t, in the magnetic, and 
points E w, in the horizontal plane, are points of no devia- 
tion. They are, in fact, all points in the plane of equal 
attraction, or neutrality, as we may also term it. The east 
and west points in tin* horizontal plane are the points of 
intersection of the two planes. There is, however, this dif- 
ference between the inclined and horizontal needles when 
placed in the magnetic plane N s s n ; except in the points 
pstn , the inclined needle varies, in the course of cir- 
culation about the ball d in that plane, much in the same 
way that the horizontal needle deviates in being carried 
round the ball d, in the horizontal plane. Now every point 
in the magnetic plane is a point of no deviation for the hori- 
zontal needle (234), but not for the dipping-needle (236) ; 
hence, for the horizontal needle we have two planes of no 
deviation, the inclined plane p e t w, and the magnetic plane 
It is, however, the inclined plane which we are to 
consider as the plane of no deviation par excellence, because 
in this plane neither the dipping-needle nor the horizontal 
needle deviates, whereas in the magnetic plane there are only 
four points of no deviation for the dipping-needle, viz., the 
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points p e t w, and these are, after all, points in the plane of 
neutrality ; besides this, the cause of no deviation of the 
horizontal needle in the magnetic plane is of a very different 
kind from that of the cause of no deviation in the inclined 
plane, which has a peculiar and distinctive character. 

237. Since the neutral plane evidently cuts the surface of 
the ball in a great circle, put v, Fig. 120, the plane of which 
passes through the centre c, — this great circle has been 
called by Professor Barlow the magnetic equator, the axis 
and poles of which are coin- 
cident with the line s n of Fig. 120. 

the dipping-needle. The hemi- 
sphere p n t, below the equator 
p t, he calls the north mag- 
netic hemisphere, and the 
opposite hemisphere, p s t, the 
south magnetic hemisphere. 

Any point on the sphere is 
distinguished by its magnetic 
latitude and longitude, to which 
end, parallels of magnetic lati- 
tude and meridians of longitude are drawn, as on the 
common globes. Extending the plane of these circles, they 
may be conceived to cut an ideal sphere, p s o n, concentric 
with and surrounding the ball c, and may be hence employed 
to define the magnetic position of any point in space with 
reference to the centre c of the sphere. 

In circulating a compass about the ball in any of these 
lines or circles, Professor Barlow found, as he had antici- 
pated, that the greatest amount of deviation was in the 
meridian circle passing through the east and west points-; 
on this account he takes this meridian as his first meridian, 
and calls its longitude zero. Instead of imagining an ideal 
astronomical sphere, p son, to surround the ball c, and in 
given points of which the compass may .be supposed placed, 
it will be in some cases more convenient to imagine such a 
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sphere to surround the centre of the compass placed at c ; 
and suppose the ball moved into certain points of longitude 
and latitude, the practical result will be evidently the same, 
and reference may be made to either at pleasure. 

238. Very numerous experiments and comparisons be- 
tween the trigonometrical lines (182) of the angles of 
deviation and those of the latitude and longitude of the 
point in which the compass or ball is placed give 'the fol- 
lowing results; and which apply to regular as well as 
irregular masses of iron. 

1°. The longitude being zero, that is the compass or ball 
being anywhere in the great circle passing by the east and 
west points (235), “ the tangent of the angle of deviation is 
proportional to the sine of the latitude multiplied by the 
cosine, or to the sine of the double latitude.”* 

2°. The latitude being constant, “the tangent of the 
deviation is proportional to the cosine of the longitude.” 

3°. The latitude and longitude being both varied, “the 
tangent of the deviation is proportional to the cosine of the 
longitude multiplied into the sine of the double latitude.” 

If we denote the deviation by A, the latitude by X, and 
the longitude by Z, we have these laws thus algebraically 
expressed : — 

Tang. A = sin. 2 X. Tang. A = cos. 1. 

Tang. A = sin. 2 X x cos. 1. 

The laws of attraction with respect to distance and force, 
were found to be as follows 

Tang. A =-^ 3 * (Tang. A) 2 = r 3 - Tang. A = A 

in which the distance is denoted by d and the force by r. 

It is to be understood that these laws are only calculated 
approximatively, they are positively correct only for a needle 
indefinitely small, and placed at a limit of distance from the 
iron ball, such that the magnetism of the needle, and that 

* The product of the sine and cosine of an angle is = to the sine of twice 
that angle. 
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of the ball, as depending on the induction of its position 
(101), may operate on each other in the way of two magnets. 
If we bring the needle very near the ball, then the induction 
of the magnetism of the needle upon the iron is such as to 
supersede this action ; and instead of attracting one pole of 
the magnetic needle and repulsing the other, it will attract 
either pole of the needle indifferently, or nearly so (222). 

239. This action of an iron ball on the compass-needle, 
contrary to Professor Barlow’s expectations, was found inde- 
pendent of the mass, and to relate only to a small thickness 
of surface. The following are the results as regarded balls 
or shells of different magnitudes : — 

1°. The tangents of the deviations are proportional to the 
cubes of the diameters of the shells or balls ; so that we have, 
in denoting the diameter by d, Tang. A D 3 . 

2°. The tangent of the deviation is as the power of the 
surface. Hence, if we denote the surface by s, we have 
Tang. A oc s$. 

These laws are apparent whatever be the weight or thick- 
ness of the shell, provided its thickness be not less than the 
•Jy of an inch. 

Although the conclusion that Magnetism resides wholly 
on the surface of iron bodies appeared satisfactorily esta- 
blished in this kind of action, yet Professor Barlow considers 
“ further experiments necessary to establish the fact.” Such 
experiments we have already adduced (228), and they con- 
firm in a very striking way the truth of this deduction. 

Our limits will not admit of any further account of these 
most valuable researches into the laws of magnetic forces, 
which the student will find very clearly and explicitly 
detailed in Professor Barlow’s work on “Magnetic Attrac- 
tions.” We shall, however, have again occasion to refer to 
their practical and theoretical application under another 
branch of our subject. 
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VII. 

TERRESTRIAL MAGNETISM. 

The Earth a Magnetic Body — Variation, Dip, and Intensity, the three 
Forma of its Magnetism — Phenomena of the Horizontal, Inclined, and 
Oscillating Needles— Variation of the Compass — Magnetic Charts — 
The three kinds of Magnetic Lines — Course of the Terrestrial Magnetic 
Equator — Points of greatest Polar Dip — Points of greatest Polar 
Intensity — Position of the Magnetic Poles — Magnetic Disturbances. 

240. Comparing the phenomena of the horizontal and 
inclined needles (21) with those of ordinary magnetic action, 
we can scarcely avoid the conclusion that the globe of our 
earth is upon the whole a magnetic mass, and that it ope- 
rates on those needles much in the same way as one magnet 
operates on another. We have seen (153) that in these 
latitudes the position of an evenly-poised and freely-sus- 
pended magnetic bar is not a horizontal position, but an 
oblique position, the north pole being inclined downward at 
an angle of about 69° with the horizontal line. Now, if we 
transport this bar to various parts of the earth, then this 
angle or dip varies, being nothing about the equatorial 
regions, where it is horizontal, and 90° in the regions 
of the poles, where it is vertical (21), that pole of the bar 
which turns toward the north being depressed in the northern 
hemisphere, and the opposite pole in the southern hemi- 
sphere ; the following experiment is highly illustrative of the 
magnetic conditions of this phenomenon. 

j Exp. 60. — Let n s, Tig. 121, be a magnetic bar, 30 inches 
in length, about ^ an inch thick, and 1 inch wide, we are to 
suppose this bar regularly magnetic and laid edgeways. 
Let n s be a short balanced needle of light iron wire or 
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Fig. 121. 



Magnetic steel wire, about 2 inches in length, suspended by 
i filament of silk, immediately over the magnetic centre c, 
30 as to be a full length distant from it. At this point the 
leedle will retain its horizontal position, its axis being 
larallel to the axis of the magnet beneath, and its poles n s 
*n a reverse position to the poles N s of the bar (11). Under 
diese circumstances let this small needle be gradually moved 
xlong, and over the magnetic surface n s, we shall then find 
‘t take different degrees of inclination, the inclination being 
greater as we approach either pole x s, at which points it 
vill be 90°. We shall further observe, in the course of this 
experiment, that the south pole s dips on the north polar 
3ide of the centre c, and the north pole n on the south side. 
We have here only to conceive the longitudinal magnet x s 
jo represent a portion of the earth’s surface extending be- 
tween the polar regions, and we have a series of phenomena 
/e ry analogous to those of the direction and dip of the mag- 
letic needle (21). 

The magnetism acquired by a bar of soft iron when placed 
*n a given position (101) is further indicative of the mag- 
netic state of our planet. We have already seen (102), 
'/hat, in placing a bar of soft iron in the position of the 
dipping-needle, it is immediately rendered sensibly mag- 
netic ; the lower extremity in these latitudes being a south 
pole, and the upper extremity a north pole. If the experi- 
ment be tried in the southern hemisphere, then the lower 
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extremity becomes a north pole, and the upper extremity a 
south pole. Now this is as near ag. approach to magnetic 
induction (33) as can be well imagined. 

241. This magnetic condition of our planet, from what- 

ma xce derived, becomes more fully revealed to us 

through the medium of three classes of phenomena, viz., 
variation (7) (162), dip (21) (162), and intensity (228) ; 
these are the three great forms of the earth’s magnetism. 
The absolute values of these elements, the changes to which 
they are subject, together with their mutual relations and 
dependencies, have now become the great objects of inves- 
tigation, we may add to these certain irregular disturbances 
by which these elements are occasionally influenced, and 
which are more especially traced by means of the magnetic 
instruments and observatories already adverted to (169). 
In order, therefore, to investigate the magnetic condition of 
the earth, we require to know 

1°. The declination or variation of the horizontal needle, by 
which we determine its correct position or direction at any 
given place. 

2°. The inclination or dip, by which we determine the true 
line of direction of the magnetic force. 

3°. The number which represents the ratio of the intensity 
of the force at any given place, to some comparative unit, 
by which we trace the general magnetic condition of the 
terrestrial surface. 

242. The changes to which the earth’s magnetic force is 
subject may be distinguished by the terms secular, peri- 
odical, and irregular. Secular changes are such as are 
slowly progressive and which run through a certain course 
in very long periods of time, returning finally to their 
original value. Periodical changes are certain regular 
changes or variations, happening in short periods of time, 
such as a day, a month, or even a year. Irregular 
changes are such as cannot be traced through any uniform 
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course and which are not apparently subject to any given 
law. # 

243. In pursuing this most important physical subject, we 
cannot do better than commence with the phenomena of the 
horizontal needle. Did the magnetic compass everywhere 
coincide in direction with the geographical meridian, and 
were its direction invariable, it would be one of the most 
simple and valuable instruments ever constructed ; such, 
however, is not the case (162), its direction is not every- 
where the same, it seldom coincides with the true meridian, 
and is beside subject to a variety of periodical and other 
variations. 

The angular deviation of the compass from the true 
meridian, termed the declination or variation of the mag- 
netic needle, was certainly known to the Chinese so long 
since as the commencement of the twelfth century. Keou- 
tsoung-chy, a Chinese philosopher, who wrote on subjects 
of natural history about the year 1111, states that “the 
magnetic needle declines toward the east, and hence does 
not point straight to the south, but is only £ to the south.” 
Pere Amiot, who resided at Pekin about the year 1780, 
remarks, in confirmation of this, and in reference to the 
north pole of the magnet, “ the magnetic needle still per- 
sists in this capital in pointing 2° and 2° 30' towards the 
west, which is still a peculiarity of this country.” The 
Chinese say, in reference to the south pole, that “the 
needle declines eastward 2° and 2° 30', that it is never more 
than 4° 30', and never less than 2°.”* An old manuscript 
in the University of Leyden, written in 1269 by Peter 
Adsiger, also notices the phenomenon of an east declination 
in the north pole of the needle. f The great Venetian 
pilot, Sebastian Cabot, in the service of Henry VII. of 
England, also Gonzales Oviedo and the celebrated Colum- 

* Klaproth, Lettre a M. le Baron de Humbolt, p. 69. 

f Cavalio on Magnetism, p. 317. 
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bus, and other early enterprizing navigators, all observed 
the deviation of the compass from the true meridian ; indeed 
it could scarcely have escaped their attention, since they 
pursued tracts in the course of which the needle must 
have changed more than two points ; the fact appears to 
have caused no small confusion and anxiety amongst the 
sailors who accompanied Columbus in his first voyage to 
America, the needle having hitherto been always supposed 
to point true north. It appears by Irving’s most interesting 
work,* that, on the 13th of September, 1492, Columbus at 
nightfall found his needle pointing 0° to the west of the 
polar star. He again examined this deviation the next 
night, and found it to increase as he advanced — a cir- 
cumstance which caused the greatest consternation and 
alarm ; u it seemed as if the laws of nature were changing, 
and that the compass was about to lose its mysterious 
power.” Columbus, however, quieted the fears of the pilots 
by telling them that the needle had its daily changes round 
the pole like the heavenly bodies. It is not a little remark- 
able that notwithstanding the frequency of these observa- 
tions, mathematicians and others of that time who adhered 
to the system of the Aristotelian philosophy, gave little or 
no credence to these accounts, considering the thing im- 
possible. At length, however, repeated observation no 
longer allowed the mere abstract philosopher to maintain 
the discussion, and in 1556 the declination of the compass 
was fully received by Spanish writers on navigation as an 
established fact.f 

244. The first w'ell-authenticated observations on the 
variation of the compass in England are to be found in a 
work by Borough, J comptroller of the navy in 1581, as also 
in a work by Norman, of the same date.§ They state, from 
observations at Limehouse in 1580, that the declination wa$ 

* Life of Columbus. f Arte de Navegar. Valladolid, 1545. 

X The New Attraction. § Discourse on Variation of Compass. 
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at that time 11° 15' East. In the earlv part of the following 
century, Professor G-ellibrand found the declination to be 
only 4° 5 ; East ; and in 1657 it appears to have vanished 
altogether. From that time to the year 1660 the magnetic 
needle did not sensibly deviate from the true meridian. 
About five years subsequently to this (viz. in 1665), the 
direction of the needle appears to have become about a 
degree and a half west of the meridian ; and this westerly 
declination went on increasing up to the year 1818, since 
which time the needle has been again approaching the true 
meridian. The following table contains the declination 
with the mean rate of motion as referred to certain periods 
of observation in London between 1580 and 1850, com- 
prising about 270 years.* 



East declin. 

Zero. 


West declination. 


Years 

1580. 1622. 

1660. 

1692. 

1730. 1765. 

1818. 

1850. 

Declination. . 

11° 15' 6° 

0° 

6° 

13° 20° 

24° 41' 

22° 30 

Rate per year 

7' 8' 

10' 

11' 

U'-5 9' 

O' 

5' 


It may be perceived by this table, that for a period of 
eighty years from the first discovery the needle gradually 
approached the true meridian, and then for a following period 
of 158 years it travelled westward ; having at the end of this 
period attained, in 1818, its maximum of westerly declination, 
viz., nearly two points and a half of the compass ; it has ever 
since been retrograding, and is now moving again eastward. 
The mean rates of the movement at the different periods, 
although deduced from a long interval of years, may not 
upon the whole be far wrong ; they serve at least to prove 
that the motion is not uniform. In approaching the meri- 
dian it has evidently become accelerated, and in approaching 
the maximum has become retarded; the present rate of 
decrease, as deduced by Dr. Lloyd at Dublin, is about 5' 
annually. Thus it appears that the horizontal needle is 

* The rate of movement has been deduced from the average rates of 
the intermediate periods. • 
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Fig. 122. 

N 


subject to a variable oscillation across tbe line of the true 
meridian ; tbe period of its westerly movement being about 
160 years, and tbe limit of its angular variation 21° 41'. 
The annexed Fig. 122 represents this angular movement 
as hitherto observed, the extent of the whole movement 
being represented by the angle w c e, about 50°, that is, 
supposing the easterly semi-oseillation to have been equal 

to the westerly, and the first 
observations to have been 
made during the progress of 
the approach of the needle 
to the meridian c N, in the 
year 1580 ; this would make 
the total period of one oscil- 
lation about 820 years. 

Observations made at 
Paris and other parts of 
the world give similar re- 
sults ; the direction and 
extent of the deviation, how- 
ever, are not the same for all 
places ; whilst in particular 
regions of the globe the 
needle is found to coincide always with the line of the 
true meridian. At this present time the declination is west 
throughout Europe. As we approach very high latitudes, 
the disturbance in the direction of the magnetic needle is 
very considerable. Parry, in his first voyage, observed a 
westerly declination of more than nine points of the 
compass. 

245. A large number of observations on various parts of 
the earth, from the poles to the equator, on the sea and on 
land, prove that the lines of direction of the horizontal 
needle over the earth’s surface are not alike. 2. That these 
lines are in a constant state of variation, some toward the 
east, others toward the west. 
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We are indebted to Halley, who was sent out by the 
government of William and Mary, to make observations 
on magnetic declination, for the first attempt to systematize 
the different variable directions of the magnetic needle. His 
method consisted in first marking on a general map of the 
world all those places in which the declination was nothing, 
and uniting the whole by a line, which he termed the line of 
no declination. He then traced in a similar way all the 
points in which the declination was 10°, 15°, 20°, and so on, 
east or west, thus representing by a magnetic chart the 
variation of the needle upon the surface of the earth so far 
as then ascertained, viz. in the year 1700. Many interesting 
and important results were derived from this system. It 
was observable, for example, that a line of no variation ran 
obliquely over North America across the Atlantic; Ocean. 
Another line of no variation descended through the centre of 
China and passed across New Holland. From which he 
inferred that these lines had a communication near both 
poles of the world. Between these lines of no variation, 
that is, throughout all Europe, Africa, and the greater part 
of Asia, the declination was observed to be westerly, and on 
the opposite side, that is, over all the Pacific, it appears to 
have been at that time easterly. It was further observable, 
that the lines of greatest variation were confined to the 
polar regions, whilst the least encompassed the globe about 
the equator. 

246. Lines of equal or of no declination, as thus traced on 
the earth’s surface, have been called “ Halleyan lines,” in 
honour of their inventor ; and more recently “ Isogonal 
lines,” or lines of equal angles. The map or chart on 
which these lines are traced has been termed a “ variation 
chart,” and is evidently an invention of no mean importance 
to the purpose of navigation. The first chart of this 
kind, constructed by Halley, has necessarily become obso- 
lete, not only from errors arising from the imperfect state 
of magnetic instruments at the time of the observations, 
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but also from the now known variable state of the earth’s 
magnetism. Halley’s chart was first revised by Messrs. 
Mountain and Dodson, about 1756. Since this period 
we have had the magnetic atlas of Churchman, up to the 
year 1800, Hanstein’s celebrated chart, published in 1820, 
and the variation chart and globe of Professor Barlow, 
which includes the observations of Captain Sir James Clarke 
B/Oss in the Arctic Seas. The latest chart of this kind is 
a chart by Erman, who has determined, from his own 
observations principally, the isogonal lines up to the years 
1827 to 1830, throughout the whole length of the 
[Russian empire ; these later productions comprehend, not 
only the variation, but also the phenomena of the inclina- 
tion and intensity of the force, and may be hence more 
properly denominated general magnetic charts than charts 
of mere variation. 

The isogonal lines, as thus laid down on a chart, pre- 
sent to the eye a great variety of complicated flexures ; 
they are seldom parallel to each other, a great portion of 
them appear to converge towards two points on the earth’s 
surface, one near Baffin’s Bay, the other to the southward 
of New Holland. In Hanstein’s chart the isogonal lines 
exhibit a double convergence in the northern hemisphere 
toward two points in the vicinity of the pole indicated by 
the dipping-needle. 

247. It has been ingeniously observed by Euler, that a 
perfect variation chart, continually brought down to the 
latest times, would materially assist in determining the 
longitude. Imagine, for example, that we found ourselves 
in a certain place on sea, or in an unknown region, we should 
first determine the variation of the compass, either by a 
meridian line or some other method already described (162), 
suppose the declination to be 5° East ; this determined, we 
seek in the chart for the two lines under which the given 
declination is found, — w r e may then be fully assured of being 
under one or the other of these lines. If we now determine 
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our latitude, which is easily done, nothing remains but to 
mark on these two lines of 5° easterly variation, the two 
points of equal latitude; now the circumstances of the 
voyage would decide in which of these points we were 
placed, since they would necessarily be very far removed 
from each other ; a means of determining the longitude by the 
variation of the needle, was in fact a main object of Halley’s 
expedition. 

248. Beside the great secular or progressive movement 
(244), the magnetic needle is found to exhibit a sensible 
change from month to month, from day to day, and even 
from hour to hour. This important fact of the daily varia- 
tion of the needle was first announced in 1722 by Graham, 
a celebrated optician of London, who observed that whilst 
the needle was annually changing its direction, its north 
extremity advanced westward in the early part of the day, 
and returned again in the evening eastward to the same 
position. The amount of this daily variation amounted then 
to about half a degree. Since this time the fact has been 
completely investigated by very refined means of observa- 
tion (163), and the following general results arrived at : : — 
The north pole of the needle begins between 7 and 8 a.m. to 
move westward, and this movement continues until 1 p.m. 
About this time the needle becomes stationary, and Boon 
begins to retrograde east, but with a slower motion than 
that of its previous advance. About 10 p.m. the needle is 
again stationary at the point from whence it started. A 
smaller second oscillation now ensues during the night ; the 
north pole moves slowly west until 3 a.m. and then returns 
again as before. The mean daily changes in this country, 
as observed by Beaufoy, and lately by Hr. Lloyd, amount to 
about 9*4 of a degree. The action of the sun is undoubtedly 
the cause of this daily disturbance of the magnetic needle ; 
we may hence expect it to vary in different latitudes both as 
to time and extent ; we require, however, further observa- 



PHENOMENA OF TIIE INCLINATION. 


87 


tion for determining whether the daily variations have the 
same direction in points of westerly declination, as in points 
of easterly (245). In the southern hemisphere the direction 
of the daily oscillation is reversed, the north end of the 
needle here advances eastward and returns westward.* 

The annual periodical variation of the needle was dis- 
covered by Cassini in 1786, who found that the North Pole, 
from the vernal equinox to the summer solstice, moved east- 
ward, and again retrograded west during the next nine 
months. This last motion, however, he found to exceed the 
previous easterly deviation, and constituted the yearly 
secular change. 

The direction of the horizontal needle is in no degree 
affected by its energy as a magnet, whether possessing a 
strong or weak magnetic power, still its direction and all 
the laws of its variation remain the same ; at least so far as 
hitherto observed. 

249. Phenomena of the Inclined Needle . — The series of 
magnetic phenomena of the earth’s magnetism which next 
claim our attention, arc those of the magnetic dip or the 
inclination (21). Mr. Bobert Norman, a celebrated op- 
tician of London, about the year 1756, having accurately 
poised some small compass-bars before touching them 
wuth the magnet, found subsequently, that when rendered 
magnetic, they all lost their balance, and assumed a 
certain angular position in regard to the horizon, so much 
so that the fly or card attached to them (148), required a 
counterpoise : this most important discovery naturally 
excited very intense interest as materially affecting the 
mariner’s compass, and led the discoverer to construct an 
instrument by which the full amount of this inclination 
could be correctly estimated, and which he found at that 
time in London, viz. in 1756, to be nearly 72°. AYe have 
already described the nature of this instrument termed the 
* Macdonald, Phil. Trans. 1796. 
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dipping-needle (153) ; we have now to consider its practical 
application to the purposes of scientific discovery. 

The attention of mariners having become directed to the 
inclination of the needle, and the fly or cards of the compass 
as adjusted in London being found to lose their horizon- 
tality by a change of latitude, it soon became apparent that 
the inclination was not everywhere the same, until, as 
already observed (240), it was finally found to be least in 
the equatorial and greatest in the polar regions of the earth. 
[Following out Halley’s comprehensive views of lines of equal 
variation, the next great step in the construction of magnetic 
charts was the addition of lines of equal inclination ; these 
have been termed isoclinal lines, and portray the course 
of equal dip in all those parts of the world in which observa- 
tions have been effected. 

250. The Magnetic Equator , — In uniting in this way all 
the points in which the inclination vanishes, that is, all the 
points in which the dipping-needle (153) is horizontal, we 
trace in the equatorial regions of the earth the course of a 
most interesting and important circular line, which we may 
consider as the magnetic equator. This line, as hitherto 
determined, appears embarrassed by disturbances arising 
not only from almost unavoidable imperfections in magnetical 
instruments and the means of observation, but likewise 
from the presence of ferruginous and magnetic masses in 
certain portions of the earth itself. Sir James Boss observes 
of the island of Trinidad, “ As a magnetic station our ob- 
servations were here utterly valueless. Three dipping- 
needles, placed at only just sufficient distance to insure 
their not influencing each other, indicated as much as 
3° difference of dip.”* This appears also to have been the 
case at St. Helena, and all volcanic islands. 

The magnetic equator, as hitherto traced from a large 
mass of observations by Cook, Bayly, Dalrymple, and other 
navigators, discussed by Biot, Morlet, and Hanstein, would 
* Antarctic Voyage. 
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seem to be an irregular cir- Fig- 123. 

cular line crossing the ter- 
restrial equator in at least 
three, if not four points, w 
Thus, in the annexed Pig. 

123, if we suppose the circle 
w t E to represent the ter- 
restrial equator, then the irregular circular line m t o 
may be supposed to be the magnetic equator, evidently 
portraying between the points w and o either some great 
irregularity in the earth’s magnetic condition, or the pre- 
sence of some great disturbing force. Prom the great 
regularity in all the other portion of the curve, we can 
readily conceive its continued progress through the dotted 
line d, supposing the sources of disturbance we have adverted 
to not to exist. Duperry, who crossed the Magnetic 
Equator in the Coquille no less than six times during the 
Prench expedition of 1822 to 1825, and to whose indefa- 
tigable zeal and ability we are indebted for a most careful 
investigation of this great physical problem, has given, in the 
Annales de Chemie for 1830, a valuable magnetic chart, 
representing, according to his researches, its general course. 
Duperry traces this great magnetic curve, from his own 
observations alone, through an extent of 247° of west longi- 
tude, comprising the Atlantic Ocean, part of South America, 
the great Equinoctial Ocean, or Pacific Ocean, as far as the 
west side of the island of Borneo. After this he relies on 
the observations of Colonel Sabine at St. Thomas in 1822, and 
of Captain J. de Blosselville* in the Chevrette , made in 1827. 
Adopting the eastern node, as determined by Sabine, which 
he places in long. 3° 20' East of the meridian of Paris, in 
the Atlantic Ocean, not far from the west coast of Africa, 
the points of no inclination pass through Africa, and 
ascend into the northern hemisphere, probably up to tho 

* This most accomplished French navigator has since perished in 
exploring the frigid regions of the Arctic circle. 
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fifteenth degree of north latitude, so far as the Bed Sea ; 
then, descending through the Indian Ocean, they cross the 
southern extremity of Hindostan, the isles of Malacca 
and the northern extremity of Borneo ; then traversing the 
great Pacific, they cross the equator of the globe in a second 
point, in about Ion. 176° East of Paris ; so that, according to 
this course, the magnetic equator is inclined to the equator 
at an angle of between 14° and 15°, crossing it in two points, 
nearly diametrically opposite. It is not unworthy of re- 
mark, that four-fifths of this great circle traverses the vast 
seas of the equatorial regions. Although the curve is cer- 
tainly tolerably regular throughout at least one-half its 
course ; yet a large amount of observations for all that 
portion running through the Pacific from 112° to 270° of 
west longitude, tend to involve it in inexplicable windings, 
such as shown in Pig. 122. By a careful analysis of the 
observations, recorded at long intervals of time, the nodes 
or points of intersection of the magnetic and terrestrial 
equators have a slow westerly movement. 

251. The isoclinal lines, or lines of equal dip, relative to 
all that portion of the magnetic equator, w r t o, Pig. 123, 
which appears perfectly circular, are upon the equidistant 
parallels fairly regular, and the dip pretty constant for the 
same parallel at least up to 60° of magnetic latitude (237). 
These parallels comprise Europe, Africa, the Atlantic, and 
the eastern shores of America. Biot, by a refined analysis, 
has given a formula for the inclination, which appears to 
represent the phenomena of the dip in some parts of 
the earth, with a fair degree of precision. According to this 
formula, the inclination of the magnetic needle in any place 
is twice its magnetic latitude, a deduction first arrived at by 
Kraft, of St. Petersburg}]. Thus the magnetic latitude of 
Quito, in Peru, being 6° 33' 10", the inclination should be 
13° 6' 20", that is, double this angular quantity. Now 
Humboldt gives the dip at Quito, from observation, 
13° 21' 54", which is a fair coincidence. Barlow, considering 
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the magnetic condition of the earth as approaching that 
of a soft iron ball (234), arrives at a similar deduction; 
according to his formula, “ the tangent of the dip is double 
the tangent of the magnetic latitude.” It is, however, 
very doubtful whether such formulae can be satisfactorily 
applied to the whole terrestrial surface, more especially in 
the present imperfect state of these inquiries. 

The following table exhibits the inclination of the mag- 
netic needle as determined at a few remarkable places of 
the globe, within a comparatively recent date. 


SOUTHERN HEMISPHERE. 


Place . . 

Charlotte 

Sound. 

Cape of 
Good Hope. 

Lima. 

Peru. 

Alexandria. 

Dip 

54° 50' 

34° 

10° 30' 

© 

o 

© 

31° 12' 


NORTHERN HEMISPHERE. 


Place . . | 

Rome. 

Paris. 

London. 

Peters - 
burgh. 

Hudson’s 

Bay. 

Dip .... 

60° 

G7° 

09° 

71° 

89° 57' 


It is evident from this table that the magnetic inclination 
increases as we approach the polar regions (240). 

The isoclinal lines appear to form irregular oval curves, 
diminishing in magnitude in each hemisphere as they recede 
from the magnetic equator. 

252. Were the mass of the earth regularly magnetic, 
having its axis and poles of revolution at a given angle with 
the magnetic axis, w'e might possibly in this case derive from 
the dipping-needle a means of determining the longitude, for 
the parallels of magnetic latitude (237) would then cut the 
parallels of geographical latitude and meridians of longitude 
obliquely; hence all the points of longitude, in the same 
parallel of terrestrial* latitude, would give a different dip ; as 
being at different distances from the magnetic equator 
(248). Let, for example, p z, Li g. 124, be the axis of revo- 
lution, and s n the magnetic axis. Let E Q be the terrestrial, 
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and eg the magnetic equator ; Fig* 124. 

take any geographical parallel 
dag, and any given meridians 
of longitude, a , b , c , d. Then, 
as is evident, the points of 
longitude, a , b , c , d, taken upon 
the same parallel, d a g , will be 
unequally distant from the 
magnetic equator eg; hence 
the inclination will bo dif- 
ferent in these points (248) ; 
that is to say, the latitude 
being known, the longitude would be a function of the mag- 
netic dip, and would increase or decrease with the distance 
of the given point from the magnetic equator ; although the 
imperfect state of our knowledge of terrestrial magnetism 
does not admit of a practical application of this method, it 
may still prove valuable in some particular cases, and is very 
worthy of further consideration. 

253. The magnetic dip, like the direction of the horizontal 
needle (242), is subject to continual and progressive changes, 
both secular and periodical, and is at this present moment 
rapidly decreasing. According to the records handed down to 
us by different observers in the pages of the Phil. Transac- 
tions, the inclination at London in 1576 was 71° 50'. In 
1676 it had become 73° 30'. In 1723 it was 74° 42', having 
here reached a maximum. In 1790 it had decreased to 
71° 53'. In 1800 to 70° 35'. In 1821 the magnetic dip, as 
determined by Sabine, was 70° 3'. In 1830 Captain Kater 
gives it as 69° 38'. According to the observations made at 
the Itoyal Observatory, Greenwich, it is now about 68° 30'; 
having decreased about 6° 12' in 128 years, or at the 
rate of about 3' each year nearly. If the early observa- 
tions are to be relied on, the magnetic dip, when first ob- 
served by Norman in 1576, was increasing, and had attained 
a maximum in 1723, having increased about 2^° in 147 
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years ; being at the rate of about 1\' annually. Since this* 
it has continually decreased, and with increasing rapidity. 
The mean annual movement from 1830 to 1850 being at the 
rate of more than 4' each year, whilst the first annual 
decrease between 1723 and 1790 was only at the rate of 
about 2*5' annually. Admitting some sources of error in 
the earlier observations, there is still sufficient evidence of 
an accelerated and retarded movement in the secular changes 
of the inclined needle. 

The inclination like the declination appears subject also 
to a slight hourly variation ; it is, however, very small. 
According to Hanstein, the inclination is about 4' greater in 
the morning than in the afternoon. 

The inclined needle, like the horizontal needle, is not 
affected by its power as a magnet as to direction ; whatever 
be the magnetic force, the angle of inclination remains the 
same under the same circumstances. 

254. Needle of Oscillation , or Magnetic Pendulum . — 
Although the phenomena of the variation and inclination ot 
the magnetic needle pourtray, under two peculiar forms, the 
general distribution of magnetism throughout the earth con- 
sidered as a magnetic body, yet these forms are not so well 
adapted to convey so definite a view of the magnetism of 
our planet as would be obtained by an adequate examination 
of the relative magnetic intensity of different points of its 
surface. A large number of facts have been adduced to 
show that a freely-suspended needle in a state of oscillation 
is influenced by the magnetic force of the earth in a way 
analogous to that of a common pendulum oscillating by the 
influence of gravity; and that hence, by means of such a 
needle (138), we may determine the ratio of the intensity 
of terrestrial magnetic force throughout the whole extent of 
the earth’s surface. This method of determining the mag- 
netic intensity in the different regions of our globe was first 
suggested by Graham, so long since as the year 1775, and 
was afterwards more fully employed and perfected by Con- 
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lombe, Humboldt, and Hanstein. The examination of the 
earth’s magnetic intensity had also, at the instigation of the 
Royal Academy of Sciences, engaged the attention of the 
unfortunate La Perouse, in his expedition to the South Sea 
in 1785. The results, however, if any, perished with the 
expedition. 

The nature and principle of the instrument more espe- 
cially adapted as a magnetic pendulum has been already 
described and explained (139) ; and we have seen that the 
force urging the needle is taken as proportional to the square 
of the number of vibrations made in a given time. It is, 
however, essential to remember that, unlike the horizontal 
and inclined needles as to direction, this law applies as much 
to the magnetic force of the needle itself (141) as to the 
magnetic intensity of the earth, a condition which at once 
destroys the perfect analogy between a vibrating magnetic 
needle and a common pendulum, oscillating by the force of 
gravity. That would be the most perfect form of magnetic 
pendulum which would only involve in the consideration of 
the force in operation, the magnetic force of the earth itself, 
much in the same way as in measuring the force of gravity by 
the common pendulum we neglect the small attractive force 
of the matter of the pendulum, as being indefinitely small 
in comparison with the gravitating force of the earth. If a 
small needle of perfectly soft iron, not having any polarity of 
its own, and delicately suspended, could be caused to vibrate 
across the magnetic meridian at various parts of the earth, 
solely by the influence of terrestrial magnetic induction, we 
should then have a magnetic pendulum approaching the 
condition of the common pendulum ; we cannot, however, 
produce such a result, and we therefore . have recourse to 
needles of tempered steel, permanently magnetic ; that is to 
say, we give our pendulum an inherent force, so as to put it 
in a position to operate upon the magnetism of the earth ; 
it still remains, therefore, to inquire what new corrections it 
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may be requisite to introduce into our calculation of the 
experimental results obtained under this peculiar condition 
of the vibrating body, more especially when we observe 
(221), that the magnetic force exerted between opposite and 
permanent magnetic polarities, may vary in a different way, 
from that between a magnet and soft iron (218), and hence 
the same law of force between the centre and poles of 
a magnetic bar (227, Exp. 57), is not found to obtain when 
the force is taken between 4he different points of the bar and 
a small suspended magnet. The true measure of the earth’s 
magnetic intensity at any point of its surface would be its 
inductive force on soft-iron. This, according to the laws we 
have arrived at (214), would be as the quantity of magnetism 
in operation directly, and as the distance inversely. Sup- 
posing we could actually measure the reciprocal force between 
any point of the earth’s surface, considered as a magnet, and 
a given mass of soft iron, without sensible polarity, then, as 
we have shown (229 and 280), the relative quantity of 
magnetism in operation as referred to the earth, is repre- 
sented by the square roots of the respective intensities or 
force of the reciprocal attraction. 

The method, however, commonly resorted to, of deter- 
mining the magnetic intensity of any point of the terrestrial 
surface, is that of the vibrating magnetic bar (338) (254), 
as being upon the whole simple and available. It is, never- 
theless, unquestionably open to objection, and the results 
hitherto arrived at by such means are not to be viewed in 
any other light than that of rough approximations. When 
we employ this method, we must take especial care to operate 
with the same needle, and with a needle in which the mag- 
netism may be considered as invariable ; to insure this, it is 
even found requisite to apply a small correction for changes 
of temperature. 

255. In determining the terrestrial magnetic intensity 
with the needle of oscillation, we may either employ the 
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inclined needle (156), or the horizontal needle (142), or 
otherwise the vertical needle (156). From the circum- 
stance, however, of the greater impediment to motion in the 
construction of the dipping-needle (153), the delicately- 
suspended horizontal needle (142) is commonly preferred ; 
notwithstanding that it involves some final calculation before 
the total intensity can be determined. 

Let, for example, s n, Fig. 125, be a light magnetic bar 
horizontally suspended by a fibre of silk m (142). Let 
N d be its natural inclination or dip at a certain point 
of the earth’s surface ; then taking this line n d to re- 
present the total magnetic force,* we may conceive this 
force to be the equivalent or re- 
sultant of two other forces ; one, 

N p, acting in the horizontal 
direction s N of the needle, and 
the other, n v , acting in the ver- 
tical or direction perpendicular 
lo the lime of the needle.* These 
two forces have been termed the 
horizontal and vertical compo- 
nents of the terrestrial magnetic force, sucn as it is found 
under any inclined or natural direction N d. If, therefore, we 
take the oscillations of the dipping-needle as a measure of the 
intensity, we may suppose the oscillations to result from the 
whole N d of the terrestrial magnetic force, since the needle 
vibrates across the line N d , or line of its natural direction ; 
but if we take the oscillations of the horizontal needle as a 
measure of the intensity, then, as is evident, the vibrations 
do not result from the action of the w hole of the terrestrial 
magnetic force n d f but only from that part of it, N p, acting 
in the horizontal line of the needle, and which will be greater 
or less according as the direction is more or less inclined to 
the horizon. Now it is easy to see in the above Fig. 125, 
that taking up to represent the horizontal component of 
* Rudimentary Mechanics. t See note (156). 


Fig. 125. 


m 
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the total force N d , we have n p = cos. of angle p n d (182) ; 
that is to say, the cosine of the clip. So that calling total 
force n d = R, and the horizontal force or component 
N p = r, we have r = R x cos. of dip, the cosine of the dip 
being the function of the obliquity which represents that 
portion of the whole force acting on the horizontal needle 
(196). We may arrive in a similar way at the total inten- 
sity by means of the vertical component n v, that is, by 
observing the oscillations of a vertical needle (156). In this 
case, however, wc have to take into account the vertical force 
n v = p d = sin. of the angle or dip p n d , which, calling the 
yertical force = s, gives s = it x sin. of the dip.* The first 
of these methods, however, is usually preferred ; and from 

T 

this we obtain r = rr-. 

cos. ol dip 

256. We are indebted to the indefatigable Humboldt for 
the first practical results of the application of the needle of 
oscillation to the investigation of the variable magnetic 
intensity of the earth ; having carefully determined the 
time of a given number of oscillations of a small magnetic 
needle at Paris, he transported the same needle to Peru, 
and again examined its rate of vibration ; the result was, 
that whilst this needle performed at Paris 245 oscillations 
in ten minutes, it only made at Peru 211 oscillations in the 
same time. The relative intensities (139) therefore were 
as 245 2 : 211 2 , that is, as 1*3482 : 1 ; or, calling the inten- 
sity at Peru ; a point of the magnetic equator ; unity, then 
the force at Peru and Paris would be as 1 : 1*3482 f This 
kind of experiment has since been extended to almost every 

* These formulae will be more fully comprehended by referring to the 
notes in paragraphs 145, 183, and 190 ; see also p. *20. 

f At the time when Humboldt made this experiment, an opinion pre- 
vailed that the intensity was the least where the dip was zero ; it was on 
this account that Peru was taken as unity. Some doubts, however, have 
since arisen upon this point ; still the scale assumed by Humboldt i» usually 
resorted to ; hence, to express intensities less than that of the magnetic 
equator, we must employ numbers less than unity. 



98 


RUDIMENTARY MAGNETISM. 


known part of the globe ; the result has been a series of 
numbers representing the ratio of the terrestrial magnetic 
intensity to a given unit for every point of the earth’s sur- 
face. The following table may be taken as an illustration for 
a few remarkable places. 


Place . . 

A little W. 
of St. Hel. 

Rio de 
Janeiro. 

Cape of 
Good Hope. 

Peru. 

Isle of 
France. 

Intensity 

0-743 

0*887 

0-945 

I 

1096 


Place . . | 

Naples. 

Paris. 

Berlin. 

] 

London. 

Baffin’s 

Bay. 

Intensity 

1-274 

1-348 

1-350 

1-369 

1-707 


Jt appears by this table, as first announced by Humboldt, 
that the intensity is least about the equatorial regions of 
the globe, and greatest in the polar regions. By the inde- 
fatigable labours of Hanstein, Erman, and a few other 
observers, we are in possession of a table of intensities for 
a large portion of the terrestrial surface. 

257. If we connect all those points in which the terrestrial 
magnetic intensity as thus deduced is the same, we arrive at 
a series of lines termed “ Isodynamic,” or lines of equal 
power. These lines, according to Sabine and others, are 
not always parallel to the isoclinal lines ; the differences, 
moreover, are systematic. It has been further inferred, 
from a chart of these lines, that the points of greatest and 
least intensity are not identical with the points of greatest 
and least inclination ; the intensity, therefore, of the mag- 
netic equator may not be everywhere the same. 

Although these isodynamic lines are still rough and 
incomplete, yet wc cannot doubt of their being curves of 
double curvature returning into themselves. In Siberia 
and the Pacific toward the polar regions they are found, 
according to Ilanstein and Erman, to consist of a system of 
double loops, as it were, enclosing two polar points. The 
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annexed Fig. 126 may be 
taken in the way of approxi- 
mation to the form of these 
loops, in which a b are the 
points or poles of the sys- 
tem. Ilanstein places the 
western of these intensity 
poles near Hudson’s Bay, 
in lat. 50° N., Ion. 90° W . , 
and the other eastern, or 
Siberian pole, in probably about 70° North latitude, and 
120° East longitude. In the southern hemisphere, the loop 
form of the intensity lines and the two intensity poles are 
more fully developed as we recede from the equator. The 
two southern points have been placed, one to the south of 
New Holland, in lat. 60° South, Ion. 140° East ; the other, 
in the Soulh Pacific Sea, also in lat. 60° South, but Ion. 120° 
West. These four poles, therefore, are not diametrically 
opposite each other. The intensity of the North American 
pole and that of the southern pole, near New Holland, are 
nearly alike, being both about 1*8 ; as are also those of the 
Siberian and South Pacific poles, which are about 1*7. The 
two polar intensities, therefore, in each hemisphere, are of 
unequal force. Both the isoclinal and isodynamic lines would 
appear from these investigations to enclose two foci or points 
of greatest attraction, the bends or flexures of the curves 
being less marked as we approach the equator. 

On comparing the observations of Sir James C. Ross 
with those of Erman, we find that the terrestrial magnetic 
force towards the south pole increases nearly in the ratio 
of 1 : 3. Since, upon a discussion of all the best observa- 
tions, it appears that the maximum may be taken as 2*052, 
the minimum as 0*706; both these are found in the 
southern hemisphere. The ratio of the maximum to the 
minimum force then is as 1 : 2*9 nearly, or nearly as 1 : 3. 
From the profound inquiries of Gauss, it appears that the 
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total and absolute terrestrial magnetic force, considering 
the earth as a magnet, is equal to six magnetic steel bars of 
a pound weight, magnetized to saturation, for every cubic 
yard of surface. Compared with one such bar, the total mag- 
netism of the earth is as 8,464,000,000,000,000,000,000 : 1, 
a most inconceivable proportion. 

The terrestrial magnetic force as thus deduced by the 
needle of oscillation, like the elements of declination and 
dip, is subject both to secular and periodical changes (242). 
The amount of the secular change is not yet determined, 
according to llanstein ; however, the intensity is gradually 
declining throughout Europe. Sir James Clarke lloss, from 
observations on board the Erebus in 1839, concludes that 
the line of least intensity had advanced considerably north- 
ward. 

The periodical and diurnal variation, as hitherto observed, 
gives a maximum of intensity between 9 and 10 P.M., and a 
minimum between 10 and 11 a.m. The monthly variation 
evinces a maximum in December and a minimum in June. 
The greatest change or difference in the annual intensity of 
the northern hemisphere is about 0 0359. 

258. The needle of oscillation is not the only means em- 
ployed for determining the magnetic intensity of the earth. 
Gauss resorts, for example, to a statical experiment, which 
consists in deflecting a magnet delicately suspended by a 
silk filament from its meridian, by means of a second mag- 
net (134), and from which he conceives the absolute inten- 
sity may be derived. # Mr. Fox also proposes to determine 
the earth’s intensity by means of weights applied on his 
dipping-needle deflector (100) to balance the dip. 

Variations in intensity are measured by the bifilar and 
vertical force magnetometers (100) (108), as also by a 
species of steelyard balance contrived by Professor Lloyd.f 

259. Position of the Terrestrial Magnetic Poles . — The 

* See Gauss, Intensitas vis Magnetic® Terrestris, &c. 
f Account of the Dublin Magnetic Observatory. 
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first step in the generalization of the phenomena of the 
declination of the magnetic needle is due to Halley, who 
conceived the notion of four terrestrial magnetic poles, two 
in each hemisphere, one fixed, the other in motion. The 
north pole, nearest to England, he places in lat. 83° North, 
longitude about 5° West of Greenwich; the other in 
lat. 75° North, lorn 115° West. The two southern poles he 
places, one in latitude about 74° South, Ion. 95° West ; the 
other in about 70° South lat., and Ion. 120° East. These 
positions he thinks consistent with the then observed direc- 
tion of the magnetic needle in various places. Churchman, 
in his “ Magnetic Atlas,” only traces two poles, one in 
lat. 58° North, Ion. 134° West ; the other in lat. 58° South, 
Ion. 165° East. Hanstein, from his magnetic chart of vari- 
ation, dip, and intensity (24G), is led with Halley to infer 
the existence of two poles of unequal power in each hemi- 
sphere, toward w hich the isogonal lines appear to converge 
by two separate systems in each hemisphere. The stronger 
north pole he finds above the American continent, in 
lat. 70 p North, Ion. 92° West ; the weaker he places in the 
Arctic Ocean, in lat. 85° North, Ion. 140° E. The stronger 
south pole he places in lat. 69° South, Ion. 132° E., not far 
south-west of Van Diemen’s Land; the weaker south pole is 
in lat. 79° South, Ion. 136° West, being south-w est of Terra 
del Euego. These four poles, therefore, are at present nearly 
diametrically opposite ; their precise position, however, is 
subject to a great secular change. Did we infertile position 
of the magnetic poles from the course of the magnetic 
equator, considering them as the extremities of tiie axis of 
this great circle, we should find the north magnetic pole in 
Greenland, a little beyond Baffin’s Bay, lat. 78°, Ion. G0° 
West; and the south magnetic pole in the Antarctic Sea, 
lat. 76° South, Ion. 130° East. The precise position and 
course of the magnetic eq uator, however, are still involved in 
doubt ; which, together with the apparently uncertain and 
irregular distribution of the earth’s magnetism, forbids our 
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placing any great confidence in the position of the two 
magnetic poles, as thus deduced. 

By observations with the dipping-needle on board li.M. 
ship Brazen , in May, 1813, a point approaching verticity 
was found in Hudson’s Bay, in lat. 69°, Ion. 92° West. 
Parry, in August, 1819, was to the north of this, and found 
the dip 88° 37'. The position of the pole, from his subse- 
quent observations, would be in about lat. 71°, Ion. 93° West. 
In 1832, the observations of Sir James C. Boss completely 
confirmed the close approximative position of this point of 
polarity. This celebrated navigator found the dip near 
Prince Regent's Inlet, in the great American continent, 
lat. 70° North, Ion. 9G° West, to be within one minute 
of 90°, and which coincides wonderfully with Ilanstein’s 
deduction. Barlow also observes, “ This is precisely the 
point in my globe and chart in which, by supposing all 
the lines to meet, the several curves would best preserve 
their unity of character as a system.” So far, therefore, we 
have confirmed by observation the position of at least one 
point of verticity of the dipping-needle in the northern 
hemisphere. Gauss, whose enlarged, profound, and compre- 
hensive views of terrestrial magnetism have so long com- 
manded the attention of European science, has endeavoured, 
from certain theoretical considerations, to doubt the existence 
of more than a single pole in each hemisphere, one of which 
he places in about lat. 73° 35' North, Ion. 95° West; the 
other in about lat. 72° 30' South, Ion. 152° East. Both 
these points are not far from the results of observation. 

Professor Barlow, following out his formula for the dip, 
viz., tangent 5 = 2 tangent A (251), and, considering the 
magnetic condition of the earth as being analogous to that 
of a simple iron ball or shell (234), is led to conclude that 
each point of the terrestrial surface has its own particular 
polarizing axis, the extremities of which fall probably in all 
cases w ithin the polar circles. These are the least limits we 
can at present assign them. There is consequently, he 
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says, no particular spot in the polar regions, which may, 
par excellence , be taken as the magnetic pole ; if there were, 
he imagines it might, by the above formula, be easily com- 
puted, whereas, on subjecting the observed elements to 
calculations, he found discrepancies of no less than 10° of 
latitude, and 55° of longitude. Observation, however, still 
confirms the notion of a point of verticity for the dipping- 
needle. 

260. Magnetic Storms . — Besides the secular and periodical 
variations of the magnetism of the earth, as indicated by the 
phenomena of the horizontal and inclined needles, we also 
find these needles subject to certain irregular variations, 
uncontrolled by any apparent law. It is to the illustrious and 
indefatigable ITumboldt, that we owe all our first knowledge 
of such perturbations. Being engaged at Berlin in 1800 
and 1807, in examining the changes in the declination of the 
needle for every half-hour, his attention was called to certain 
capricious agitations in its position, not referable to any 
accidental or mechanical cause, and which occasionally 
caused so great an oscillation as to lead him to refer them to 
a sort of magnetic reaction, propagated from the interior of 
the earth, lie accordingly designates these disturbances 
as “ magnetic storms,” as being analogous to the sudden 
changes of electric tension which ensue in the electric 
storms of the atmosphere. During these storms the needle 
is observed to be alfcctcd by a sort of shivering motion, and 
to oscillate several degrees on each side of its mean position. 
In 1818, further observations were made simultaneously by 
Arago, at Paris, and Kupffer, at lvassan, in Russia, which 
showed, in a satisfactory way, that these perturbations, 
announced by Humboldt, occurred in both places at the same 
instant of time, notwithstanding that the places of observa- 
tion were separated by 47° of longitude. Pull attention 
being at length called to this subject, Humboldt, in 1830, 
succeeded in establishing magnetic observatories in various 
parts of Russia, which have since been extended to other 
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parts of the world (169), constituting such a network of 
inquiry into all the great facts of terrestrial magnetism as 
would have been but a few years before difficult to imagine. 
Since the year 1828, from Toronto, in Upper Canada, to the 
Cape of Good Hope and Van Diemen’s Land, from Paris to 
Pekin, we find magnetic observatories, all established under 
one uniform system, and carrying on similar and simulta- 
neous observations. The principal magnetic instruments 
employed in these observatories have been already described 
(162), and from continuous observations, carefully registered, 
in almost every country of the globe, we are presented with 
the startling fact of an unceasing series of what may be 
termed terrestrial magnetic pulsations, extending simulta- 
neously over an interval equal at least to the whole breadth 
of Europe, and perhaps over the whole terrestrial surface. 
“ When,” says Humboldt, " the tranquil hourly motion of 
the needle is disturbed by a magnetic storm, the perturba- 
tion frequently proclaims itself over hundreds and thousands 
of miles simultaneously, or is propagated gradually in brief 
intervals of time in every direction over the surface of the 
earth.” # 

261. Beside these magnetic disturbances referable to 
some hidden and sudden change in the condition of the 
earth’s magnetism, we find other singular disturbances in 
the position of the magnetic needle at the instant of the 
appearance of the Aurora Borealis, or Northern Lights. 
This fact was especially noticed and studied by Dalton so 
long since as the year 1798, who observed that the luminous 
beams w’ere parallel to the dip, and the arches at right 
angles to the magnetic meridian. This disturbance of the 
magnetic needle consists in an irregular oscillation some- 
times to the eastward, and then to the westward of its mean 
direction. The greatest amount of disturbance is when the 
Aurora is in the zenith. Hanstein also, who has studied this 
phenomenon, says that the shivering movements of the needle 
* Cosmos. 
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never perhaps occur except at the time of an Aurora, and 
that the disturbances are felt at the same instant of time iii 
places widely separated ; the extent of the movement may, 
in twenty-four hours, amount to between 5° and 6°. This 
disturbance of the magnetic needle is equally wonderful 
and important in its character as the former, and may 
possibly be found to be identical with it. Arago thinks 
that the Aurora disturbs the needle even before the light 
shows itself in the horizon. The Auroras which are only 
visible in America and Siberia are, he says, found to affect 
the magnetic needle at Paris. It is not improbable that the 
presence of an Aurora and the disturbance of the magnetic 
needle are both effects of the same or a similar cause, so 
that we cannot assume the presence of the Aurora as the 
active force ; we should rather regard it as an accompanying 
phenomenon ; more especially as we find, according to Capt. 
Poster’s observations at Port Bowen, that, during certain 
Auroras, the magnetic needle remains undisturbed. It 
has been further shown experimentally, by the author of 
this work (Edinb. Phil. Trans. 1834, vol. xiii.), that the 
magnetic oscillations arc unaffected by the presence of a 
powerful column of mere electrical light flashing through an 
exhausted receiver 6 feet high and 4 inches in diameter. 

Halley, more than a century since, considered the Aurora 
to be a magnetic phenomenon, a conjecture which bids fair 
to receive complete confirmation. According to Humboldt, 
the Aurora may be considered as a terrestrial magnetic 
activity raised to the intensity of a luminous phenomenon, 
one of the sides of which is the light, the other the dis- 
turbance of the needle ; so that this magnificent appearance 
may be considered as the act of discharge at the conclusion 
of a magnetic storm. 
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VIII. 

REYIEW OF MAGNETIC THEORY. 

General Principles — First Views of Terrestrial Magnetism — Hypothesis 
of Halley-— Speculations of Euler — Theoretical Speculations of Han- 
stein — Grover's Magnetic Orbit— Theory of Barlow— Hypothesis of 
Biot — Theory of Gauss — Electro-Magnetic Theory — Theoretical Views 
and recent Discoveries of Furaday — Theory of Ordinary Magnetic 
Action. 

202. One of the great objects of physical science is to 
trace the relations and determine the laws of sequence in 
any observed series of natural phenomena, the study of 
nature being “the study of facts, not of causes it is this 
which characterizes the learning of the great founder of the 
inductive philosophy, and which essentially separates it from 
the conjectural philosophy of remote ages, the object of 
which was the study of causes rather than of facts. By tlio 
term theory, as applied in modern science, we are to under- 
stand an intelligibly connected body of facts, all referable to 
one or more general principles. "With respect to the hidden 
or efficient cause of the phenomena observed, we have really 
no substantial knowledge of it whatever. That all bodies 
tend to the centre of the earth, and masses of matter 
toward each other, are universal facts, and upon these is 
based the whole theory of gravitation, and a lucid expla- 
nation of the system of the world. In the midst of this 
knowledge, however, we are most profoundly ignorant of the 
nature of the agency by which matter gravitates ; and to 
speculate concerning it through the instrumentality of fic- 
tion, would bo only to wander in a labyrinth of conjecture. 
What we call an explanation of observed phenomena, is 
a clear apprehension of all the dependencies in a great 
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chain of sequence. Take, for example, the question of the 
rise of water in a pump before the discovery of Toricelli ; 
here we had two facts before us : the elevation of the fluid 
full thirty feet above its level, and the production of empty 
space by the motion of the piston of the pump, still the 
vacuum and the rise of the fluid had no apparent depend- 
ence on each other. The assumption by the ancient 
philosophers that the elevation of the fluid arose from the 
circumstance that nature abhorred a vacuum, was, in fact, 
no adequate intermediate link ; it explained nothing. Di- 
rectly, however, it was proved by the experiment of Toricelli 
that the atmosphere pressed upon bodies with a force equal 
to at least 14 lbs. on the square inch, then the cause of the 
rise of the fluid was instantly apparent, and the phenomena 
were explained. In the construction, therefore, of any 
theory, it is essential that the basis of it be some principle 
reducible to a fact ; and, next, that the fact be universal ; 
that is, without exception. Directly we refer the phenomena 
to any fictitious principle not reducible to a fact, we have 
no longer a theory ; w r e have only at the best a conjectural 
hypothesis ; in short, we substitute something which has no 
demonstrable existence for that which may be : in this case, 
we only require that what w r e assume is possible. An 
hypothesis of this kind is still not without its uses ; and it 
is theoretically admissible so long^as it runs parallel with the 
facts observed. 

Magnetic theory, embarrassed by the complicated and 
mysterious character of the attendant phenomena, has 
hitherto made but comparatively little progress toward 
perfection ; so that we are unable, as in gravitation, to 
refer the facts to one ultimate and universal elementary 
principle ; hence almost every speculation relative to the 
phenomena of magnetism partakes more or less of the 
nature of an hypothetical assumption not based on any 
recognized fact. 

263. First Views of Terrestrial Magnetism . — The philoso- 
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pliers of the sixteenth century, not having any definite notion 
of the phenomena of the compass-needle, conceived it to be 
influenced by some mysterious point of force, existing in the 
regions of space. Descartes and others conceived it to be 
under the dominion of vast magnetic rocks. The discovery 
of the magnetic inclination (249) by Norman, in 1580, how- 
ever, clearly proved that the cause of the directive position 
of the magnetic needle was to be sought for in the general 
mass of the earth ; w ; hilst Gilbert, in 1590, taking a bolder 
view of this great physical question, conceived the terrestrial 
sphere to be in itself a vast magnet, endowed with a perma- 
nent polarity, and hence approaching the general condition of 
an ordinary loadstone. Gilbert supposed, however, that the 
solid parts only of the earth were magnetic, not the water or 
other fluids ; hence arose changes in the direction of the 
needle, which, whilst it assumed a given position, in obe- 
dience to the laws of common magnets (14), w ould at the 
same time be more or less drawn toward the land, and be 
influenced by it in various ways. 

ISond, in 1673, endeavoured to calculate and explain the 
phenomena of the magnetic needle, on the hypothesis of the 
earth being a great magnet, and assumed the existence of 
tw o terrestrial magnetic poles, and a magnetic axis inclined 
to the axis of rotation, and passing through the centre of 
the earth ; hence the magnetic poles and the true poles could 
not on this hypothesis coincide. With a. Gew' of explaining 
the great secular changes in the declination, the magnetic 
poles were supposed to have a slow movement of revolution 
about the poles of the earth. 

261. Hypothesis of Halley . — It is to the celebrated 
Halley that wo owe the first- great attempt to bring the 
complex phenomena of the horizontal needle under the 
dominion of a more comprehensive theory, which, although 
it may appear at first to be of a somewhat rude and impro- 
bable character, still affords a fair field for the application of 
exact reasoning, and a means of comparing facts ; indeed it 
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is but justice to this truly great man to observe, that he 
never pretended to more than an attempt to throw some 
light upon “the abstruse mystery of the variation,” and 
lead philosophers to apply themselves more forcibly to so 
important a subject. Were the variation always relative to 
two fixed points or poles, near the poles of rotation, the 
magnetic axis passing through the centre of the earth ; then 
it should be always the same for each place, and the lines of 
no variation would be meridian lines, passing through the 
magnetic and real poles of the earth ; but the lines of no 
variation are not meridian lines, but curves of a somewhat 
inexplicable course (245). Halley, therefore, foreseeing 
this difficulty, assumed the existence of at least four poles, 
to which the variation had reference, two in the northern 
and two in the southern hemisphere ; but since the observed 
phenomena evidently indicate a constant change of jdace in 
the relative position of these poles, he further supposes that 
the whole “ magnetieal system of the globe has one or perhaps 
more motions, the effects of which extend from pole to pole.” 
To render this magnetieal movement intelligible, he sup- 
poses a great portion of the interior of the earth to move 
within the external crust ; and to admit of this motion, he 
imagines this interior portion to be detached and separated 
from the surface by an intenening fluid medium, so that, 
according to this, the terrestrial mass is a sort of double 
loadstone, consisting of an interior magnetic, spherical 
nucleus, surrounded by an external and spherical magnetic 
shell, the magnetic axis of each passing through the centre 
of the whole globe of the earth, the nucleus is supposed to 
have its centre of gravity fixed in the common centre of the 
general spherical mass, and to partake of the diurnal rota- 
tion about the same axis. By further supposing that the 
rotatory movement of the surface or external shell is rather 
more rapid than that of the interior globe, by some extremely 
small quantity, then, as is evident, the poles of the interior 
magnet will be continually shifting their places in respect 
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of the poles of the outer magnetic shell, being at every 
revolution left as it were a little in the rear, and conse- 
quently moving apparently westward. Halley supposes the 
difference of velocity to be so extremely little as to be 
scarcely appreciable upon 365 revolutions, and only to 
assume a sensible form by the operation of a great period of 
time. Under this condition, then, if we conceive the 
exterior shell to be a magnet, having its poles fixed, and at 
a given distance from the poles of rotation ; and if the 
internal globe be also n magnet, having its poles fixed in 
two other places, distant also from the axis of rotation ; and 
that these last poles are continually shifting their places in 
respect of the exterior poles, we may then, he thinks, give a 
reasonable account of the four magnetic poles of the earth, 
considered as a magnet, and the several phenomena of the 
variation of the horizontal needle . % By the gradual transla- 
tion of the poles of the internal globe, the direction of the 
needle is variously influenced, according to the directive 
power of each pole ; hence there will be a period of revolution, 
after which the variations will return again as before. If 
they should not, then it may be inferred that there exist 
internal spherical shells, having a common nucleus, and 
consequently producing more magnetic poles, all these con- 
centric magnetic spheres being separated by fluid media ; 
and this he thinks a possible constitution of the interior of 
our planet, which, for anything we know to the contrary, 
may, through the operation of the fluid media, be a source 
of existence to organized beings. In this hypothesis all 
those parts of the earth nearest either of the poles will for 
the time be governed more or less by the influence of that 
pole ; thus, taking the nearest pole to Britain as being in 
the meridian of the Land’s End, and about 7° from the true 
north pole, this pole will govern Europe, Tartary, and the 
North Sea. All places to the east of this meridian will 
have a westerly variation ; all places west of it a westerly 
variation, until we approach the influence of the other pole, 
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in North America, supposed to be on the meridian of Cali- 
fornia. The separate and combined influences of all the four 
poles in different zones of the earth produce the great differ- 
ences observed in the variation of the needle. 

This hypothesis of IIallej r , although far within the region 
of mere conjecture, and not at first view sanctioned by any 
high degree of probability, must still be considered as a 
valuable step in the progress of magnetic theory, and well 
calculated as a stepping-stone to more perfect views of the 
magnetism of the earth. 

265. Speculations of Euler. — Euler, who investigated this 
subject in 1757, with his accustomed ability, does not think, 
in considering the earth as a magnet, that it is requisite to 
assume the existence of more than two magnetic poles, pro- 
vided their just place be assigned. According to his view, 
we have yet to consider the case of two magnetic poles 
not precisely opposite each other, or, which comes to the 
same thing, in which the magnetic axis does not pass 
through the centre of the earth. Now, in this case, Euler 
endeavours to show that the lines of no declination may 
actually assume a direction similar to that which, from 
observation, we find they do assume; and that it is even 
possible to assign to the two pol^s such proportions as to 
produce lines of variation similar to those isogonal lines, 
which at first appear so unaccountable. Having fixed the 
two poles, the determination of the direction of these lines 
becomes a problem in geometry. 

266. Theory of lLanstciu . — Theoretical views of terres- 
trial magnetism do not* appear to have greatly advanced 
beyond the condition in which Halley left them until 1811, 
when the lioyal Danish Academy proposed the variation of 
the needle as a prize question ; then it was that M. Han stein 
undertook a re-examination of the whole subject, w ith a view 
to determine whether two magnetic poles, revolving round 
the pole of the earth in indefinite periods as maintained by 
Euler,, would explain the phenomena ; or w hether four poles, 
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as assigned by Halley, were requisite ; or, finally, whether 
the motion of magnetic polar points, about the poles of the 
earth, be in any way competent to represent the observed 
phenomena at all. We have already adverted to the extra- 
ordinary and elaborate magnetic charts of this unwearied 
philosopher, with their marked systems of isogonal lines, 
loops, ovals, and other intricate convolutions, and which it 
would seem are all ‘ sweeping westward, each in separate 
progression, and each assuming some new modification of 
flexure. So completely has the question been worked out, 
that by means of these charts we obtain a faint glimpse of 
the progressive state of magnetic declination for two cen- 
turies, viz. from 1000 to 1800. The results of the investi- 
gation confirm, according to Hanstcin, the existence of four 
poles, as imagined by Halley. These four poles, however, 
are of unequal force, and are all supposed to be continually 
shifting their places ; each has a separate independent move- 
ment and period. The present places of these poles, as 
assigned by Hanstein, we have already given (259) ; they 
are all supposed to have a regular oblique-circular motion 
about the poles of the earth, — the two north poles from 
West to East ; the two south polos from East to West ; and 
in the following periods : — The strongest north pole in 1,740 
years ; the weaker in 800 years : the strongest south pole 
in 4,609 years ; the weaker in 1,304 years. Upon these 
data he assigns the position of these poles for the last half- 
century.* 

* By a curious coincidence, these periods involve a number, 432, sacred 
with the Ind'ans, Babylonians, Greeks, and Egyptians, as being dependent 
on great combinations of natural events ; thus the periods 860, 1,304, 
1,710, and 4,609, become by a slight modification 864, 1,296, 1,728, 
4,320, which are not inadmissible, considering the complicated nature of 
the observations from which the first numbers are derived. Now these 
numbers are each equal to 432 multiplied by 2, 3, 4, and 10 successively. 
According to the Brahmin mythology, the world is divided into four 
periods, the first being 432,000 years, the second, 2 x 432,000, the third 
3 x 432,000, the fourth, 10 x 432,000 years. It is also, according to Han- 
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267. Grover's Magnetic Orbit . — Much valuable inform- 
ation relative to this interesting speculation has been 
afforded by Grover.* By a careful and laborious examina- 
tion of authentic observations, he endeavours to show that 
“ the movement of the magnetic pole governing Europe is 
capable of recognition, that it possesses an orbitual character 
of which the general features can be distinctly traced.” An 
horizontal action upon the needle is also inferred from these 
observations, depending on the isodynamic poles (257), by 
which he endeavours to explain the configuration of the 
isogonic lines. The magnetic orbit, as traced from observa- 
tions on the magnetic needle in London, Paris, and St. 
Petersburgh, appears to be of the form given in the annexed 
Eig. 127. In tins figure N is the true north pole in the 

Fig. 127. 



middle of a section of the northern hemisphere, and the 

stein not unworthy of remark , that the sun's mean distance from the earth is 
432 half radii of the sun ; the moon’s mean distance, 432 half radii of the 
moon ; but what is more especially striking is the circumstance, that the 
number 25,920 = 432 x 00, is the smallest number, divisible at once by 
all the four periods, and hence the shortest time in which the four poles 
can accomplish a cycle. Now this time coincides exactly with the period 
in which the precessions of the equinoxes complete their circle, certainly a 
curious and remarkable series of coincidences. 

* Observations on the Magnetic Orbit ; by the Rev. H. Grover. 
London : J. Weale, 1850. 
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irregular elliptical curve, the path of the pole so far as 
hitherto observed. In this curve the author has localized 
eight assigned positions for the magnetic pole, from obser- 
vations between the years 1580 and 1846. The points a 
and s represent the positions of the isodynamic poles, or 
points to which the isodynamic lines converge, one in 
Siberia, the other in America, and supposed to influence 
the position of the needle. In tracing the elements out of 
which this orbit is constructed, peculiarities present them- 
selves, which throw much light on the whole magnetic 
system ; for example, a certain acceleration and retardation 
of the motion, and the opposite bias of the two isody- 
namic hemispheres. By means of a critical examination 
of all the phenomena of this determined orbit, the author 
deduces some very general and curious facts bearing on the 
development of the magnetic lines, with their ovals, loops, 
and apparently inexplicable curvatures. The ovals he con- 
siders as temporary creations arising out of the peculiar 
position of the moving magnetic pole in relation to the 
two isodynamic poles a s, by which a bias is given to the 
needles of a whole district. 

268. Theory of Barlow - — Professor Barlow, following up 
the construction of more perfect magnetic* charts, is led to 
conclude that these (‘harts present such a configuration of 
the magnetic lines as cannot be referred to any possible 
position of four or mbre magnetic poles ; but conceives that 
each place has its own relative pole and polar revolution 
governed by some unkown cause. This theory is so general, 
that it must be conceived to set aside altogether the idea of 
any particular polo or point toward which the magnetic 
needle becomes directed, and consequently all idea of a 
single magnetic axis ; it hence leaves the law r of the changes 
in the direction of the needle undetermined. The funda- 
mental principle, on which this theory rests, assumes the 
magnetic condition of the earth to be of that peculiar form 
observed in the passive or temporary magnetic state of a 
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soft iron ball or shell, and in which the poles or centres of 
action are always coincident with the centre of attraction of 
the surface, which is not the case in permanently-magnetized 
bodies- In these the centres of attraction are always at 
their poles. Professor Barlow having, as we have already 
seen (239), found the entire effect of a soft iron globe or 
shell to reside near the surface, proceeded to investigate a 
formula for representing the influence of these bodies on the 
compass-needle placed about them in different positions. 
Assuming upon the generally received hypothesis (14), that 
magnetic phenomena depend on two opposite fluids or 
forces, repulsive of themselves, but attractive of each other, 
and commonly existing in a greater or less degree of com- 
bination, we may suppose the action of the earth on spheres 
of soft iron, to take place on every particle of the mass in 
isoclinal lines (249) parallel to each other (102), and may 
further suppose that every particle of the iron is at the 
same distance from the centre of force as referred to the 
mass of the earth; in which case we may consider the effect 
upon each particle to be the same. 

As this question is important in a theoretical view, we 
will take Professor Barlow’s illustration of this probable 
magnetic condition of a soft 
iron ball or shell. Let ab c <1 , 

Pig. 128, be a neutral soft iron 
sphere ; suppose f c if to be 
the direction of the dipping- 
needle, and E the centre of 
terrestrial magnetic force at 
an indefinite distance, then by 
the operation of this force 
upon each particle, in the way 
just stated, the two magnetic 
fluids or forces, resident in a 
combined state in the shell or globe abed , become sepa- 
rated, and may be supposed to form two spherical layers : 


Fig. 128. 
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one fbd, whose centre is p ; and another mb d, whose 
centre is n ; the distance of these centres p n from each 
other depending on the susceptibility of the iron and other 
contingencies. In computing the action of an iron sphere 
in this state upon a distant magnetic particle, we may refer 
the action to those two centres p n , according to any assumed 
law of force (175). Professor Barlow supposes the force to 
be in the inverse duplicate ratio of the distance. This view 
differs from others of a similar kind in this, that the action 
or displacement of the fluids is referred to each particle, 
instead of the fluids being separated and accumulated in 
distinct poles ; and also in the great fact that the displace- 
ment is confined to the surface, and not, as Coulombe sup- 
posed, referable to the mass. The centres of action p n , 
therefore, may become indefinitely near each other in the 
common centre of attraction of the surface, which is coin- 
cident with the centre of attraction of the mass only in 
spherical bodies, but on no others. !NTow by referring the 
earth’s magnetism to an existing magnetic condition such 
as this, Professor Barlow finds that he is enabled to 
apply the analytical expressions, he had previously deduced 
for representing the influence of an iron sphere on the 
compass (288), to the phenomena of terrestrial magnetism ; 
his general deductions being that the earth is not a 
permanent magnet, but owes its magnetic state entirely to 
induction ; and that its action may be referred to two poles 
indefinitely near each other in the common centre of attrac- 
tion of the surface ; that is also of the mass of the earth. 
The latent magnetism of the sphere has in this case a mere 
condition of polarity. Prom whence this induction pro- 
ceeds he does not pretend to determine. The illustrious 
Gableo had an idea that a magnetic agency existed in some 
points of space, which led him to ascribe the parallel direc- 
tion of the earth’s axis to a magnetic point of attraction in 
the distant heavens. 

269. Hypothesis of Biot. — Biot, so long since as the year 
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1805, not finding it possible to reconcile observations on the 
variation and dip of the needle with the existence of two 
poles or centres of force near the terrestrial surface, thought 
of treating this problem under the condition that those 
centres were indeterminate, and then by a comparison of 
the general analytical result with further observations, 
endeavour to arrive at the precise position of these poles. 
Now it is not unworthy of remark, as being very confirma- 
tory of Barlow’s views, that the nearer the poles were taken 
toward each other, the nearer the computed and observed 
results were found to agree; until, at length, by taking 
them indefinitely near each other in the centre of the 
earth, the computed and observed results in many cases 
completely coincided. In this investigation Mons. Biot 
assumes two points in a given terrestrial magnetic axis, by 
one of which the needle is attracted, by the other repelled ; 
and then investigates a formula for represeuting the dip 
and declination of the magnetic needle in any part of the 
earth in terms of an indeterminate distance between these 
points. 

270. Theory of Gauss .- — This accomplished philosopher, 
whose magnetic researches have become in recent periods 
the wonder and admiration of Europe, assumes the terres- 
trial magnetic force to be the collective effect of the 
magnetism of the mass, and is led to consider the term 
pole as a very arbitrary assumption ; no number of* definite 
points, be they 2 or 4, or even more, will explain the 
phenomena according to the laws of common magnetism. 
In the most simple meaning of the term pole, Gauss con- 
siders that there are only two, one in each hemisphere. If 
there were four, we should have necessarily three points of 
verticity in each hemisphere ; that is to say, there would be 
a point between each two poles in which the needle would 
not obey the action of either exclusively, and would, conse- 
quently, be vertical ; but such is not found to be the case. 
Gauss* starting from a great general principle, that mag- 
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netism is distributed through the mass of the earth in an 
unknown manner, has succeeded in obtaining, partly by 
theory and partly by adaptation, a sort of empirical formula 
which represents in a wonderful way the many complicated 
phenomena of the magnetic lines, and has so far embodied 
our knowledge of these phenomena in a law mathematically 
expressed. Gauss’s investigation depends on the develop- 
ment of a peculiar function much employed in Physical 
Astronomy, and which is obtained by summing all the 
attractive and repulsive elements, each molecule being 
divided by its distance from the attracting or repelling 
point ; what are termed the differential coefficients of this 
function express the resolved components of the total 
magnetic action (255). By this process it is demonstrated 
that whatever be the law of magnetic distribution, the dip, 
horizontal direction, and intensity at any place on the earth 
may be computed. Having exhibited his resulting formula 
in converging series, Gauss determines the declination, 
inclination, and intensity for ninety-one places on the 
earth’s surface, and which are found to coincide with 
observation : one great feature, therefore, in this theory 
of terrestrial magnetism is, that the earth does not contain 
a single definite magnet, but irregularly-diffused magnetic 
elements, having collectively a distant resemblance to the 
condition of a common magnet. So that for magnetic poles 
we must substitute magnetic regions, over which a general 
magnetic influence obtains. Thus, instpad of a Siberian pole, 
as determined by Ifaustein, we have a Siberian region, in 
which the isogonal lines may be conceived to converge 
without coming absolutely to a point. 

271. Electro- Magnetic The.org . — The solution of the pro- 
blem, from whence the mass of the earth derives its mag- 
netic state, is not in .any way approached with so high a 
degree of probability as by the theory of electro-magnetic 
currents, caused to traverse the earth’s surface by some of 
those natural agencies so continually operating on it. We 
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have seen (68), that by heating one extremity of a metallic 
bar or rod, the opposite extremity being kept cool, so as to 
produce a disturbed equilibrium of temperature, electro- 
magnetic currents are produced, of such force as to turn the 
compass needle at a large angle to its meridian. Sir David 
Brewster, so long since as the year 1821, observed a remark- 
able coincidence between the isothermal lines, or lines of 
equal heat, laid down by Humboldt, and the isogonal lines of 
Halley, and had deduced for our northern hemisphere two 
poles of greatest cold, both in the locality of Han stein’s 
magnetic poles, viz., an American pole, lat. 73° North, 
Ion. 102° West; and an Asiatic pole, lat. 73° North, and 
Ion. 78° East. Sir David Brewster* is led to conclude that 
two meridians of greatest heat, and two of greatest cold, 
are called into play, and was finally led to imagine that 
the magnetism of our globe depended in great measure on 
electro-, or rather thermo-magnetic currents. Taking into 
consideration the heated belt of the equatorial regions, and 
the mass of the polar ices on either side of it, we have, as 
observed by Dr. Traill, all the conditions of a vast thermo- 
magnetic machine. A great link in the chain, however, is 
still wanting ; it is very difficult to say how or in what way 
these currents are caused to circulate about the mass of the 
earth. Grover, in his interesting little work on the magnetic 
orbit, already alluded to, has some interesting observations 
on this question. According to his view, the atmosphere is 
the immediate source of terrestrial magnetism, which con- 
tains within it isolated columns of conducting media ; these 
surround the earth, and in such way, that in 365 revolutions 
the sun generates in it an electro-magnetic circulation ; thus 
the terrestrial surface becomes enveloped in a vast electro- 
magnetic spiral coil (51), and we who live on it become 
placed intermediate between the coil and the surface by 
those peculiar motions of the earth which arise from the 
yearly cycle finding its period at different hours of the day, 
* Edin. Phil. Trans, vo). ix. 
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and on different meridians ; such a change may take place in 
the precise position of this great atmospheric coil from time 
to time as would correspond with the orbit of the magnetic 
revolution (267). The phenomena of periodical variations 
depend evidently on the action of heat and the position of 
the sun, and probably on resulting thermo-magnetic currents. 
Beyond this mere assumption, however, we have not any 
very secure basis for reasoning ; the most admissible view of 
this kind of action, however, is the following : — During the 
diurnal motion of the earth, its surface, especially about the 
tropics, is continually heated and cooled in successive points, 
and in an east and west direction : if we admit, as in Exp. 50 
(68), that thermo-magnetic currents become from this cause 
excited, and circulate in an east and west direction over the 
terrestrial surface, the result will be a magnetic development 
in direction north and south (48) ; hence there will be a 
magnetic development in the earth in a direction nearly 
parallel with its axis. 

272. Barlow's JElectro-Maqnctic Globe . — Erom no one 
has the preceding electro-magnetic theory received so much 

substantial and fine expe- 
rimental support as from 
the profound and great 
philosophical ingenuity of 
Professor Barlow. A hol- 
low globe of wood, p n, 
Pig. 129, sixteen inches 
in diameter, had a groove, 
eq , cut round its equa- 
torial part, to represent 
the equator, and also other 
grooves, in parallels of 
latitude distant 4a° from 
each other. A deeper and 
wider groove, also, p n , 
was cut in it, extending from pole to pole in the line of a 


.Fig. 129. 
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single meridian. Things being thus arranged, the middle 
portion of a copper wire of an inch in diameter, and 
ninety feet long, was applied to the equatorial groove, in a 
point opposite the line of the meridian pn , which, being 
bent each way, in the equator e to meet at the groove 
p n, was continued toward each pole by a continual coiling 
and turning into the parallels of latitude. Finally, the 
remaining portions of the wire wore covered with insulating 
varnished silk thread, and passed through the meridian 
groove toward the equator, and the two extremities, a , h , 
brought out for connection with the poles of a voltaic com- 
bination (40) (47). The whole was now covered with the 
pictured gores of a common globe, and in such way as 
to bring the poles of the electro-magnetic spiral as nearly 
as possible into the position of the observed terrestrial 
magnetic poles, viz., lat. 72° JVorth, and lat. 73° South, 
and on the meridian corresponding with Ion. 76° West of 
Greenwich. 

The globe being now conveniently placed under a deli- 
cately-suspended needle a, Fig. 120, carefully neutralized 
in respect of the earth’s action (104), electro-magnetic 
currents were caused to circulate through the spiral be- 
neath the paper surface (40) . Whim the globe was so 
placed as to bring London into the zenith, the sus- 
pended needle took the inclination of the dip, at that 
time 70°, and also the line of the variation, at that time 
about 21° West. On turning the globe round so as to 
bring other places of the same parallel under the needle a, 
the dip of 70° remained, but the line of declination changed 
its direction, becoming first zero anil then increasing east- 
ward, much in the same way as happens in the case of 
the horizontal needle. When the globe was turned so as to 
cause the pole to approach the zenith, the dip increased up 
to a point of verticity ; and on turning it so as to bring the 
equator into the zenith, the suspended needle became hori- 
zontal. Continuing the motion so as to bring the south pole 
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toward the zenith, the suspended needle inclined in the 
opposite way, thus representing on a small scale all the 
phenomena of the horizontal and inclined needles. Professor 
Barlow thinks that he has proved the existence of a force 
competent to produce all the phenomena of terrestrial mag- 
netism, without the aid of any body commonly called 
magnetic. 

273. Theory and recent Discoveries of Faraday . — This 
distinguished philosopher, with his accustomed vigour of 
intellect and practised experimental hand, lias not left the 
question of terrestrial magnetism unassisted by his immense 
labours. The general views which he is led to entertain 
upon points connected with the earth’s magnetism may be 
thus stated : — Space devoid of matter, as also material space, 
that is, space in which matter is found, may be taken as 
being traversed by lines of force, operating, as it were, 
immediately through it. The condition of the space inter- 
cepted between the iron walls of the magnetic Held, Pig. 59 
(74), and Pig. 58 (72), may be taken as illustrative of this 
assumed physical condition of things. Now', although it 
may appear to many persons very difficult to conceive the 
existence of mere force independent of what we commonly 
call matter, yet wo must recollect that, both in Electricity 
and Magnetism, it is w r ith forces that w e are principally con- 
cerned ; and that, after all, it is far more difficult to conceive 
the existence of matter without properties of this kind than 
such properties without the matter ; in fact, we recognize 
forces almost everywhere ; but we recognize nowhere the 
ultimate atom of solidity of which matter is supposed to 
consist. All space, either vacant or occupied, presents for 
our consideration forces of various kinds, and the lines in 
which these forces are exerted. In viewing different sub- 
stances in relation to lines of magnetic force, it is found 
that some bodies assume a position perpendicular to the 
direction of these lines ; that is, they take an equatorial 
direction (74) ; others coincide in direction with the lines 
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of force, and take an axial direction (76). Pure space, 
devoid of matter, is conceived to have a magnetic relation of 
its own ; that is to say, it permits lines of force to traverse 
it without in any way affecting them. The introduction of 
certain kinds of matter into space so occupied by force, will, 
on the contrary, change the existing state of the lines by 
either increasing or decreasing the facility of transmission. 
Common matter, when referred to lines of magnetic force tra- 
versing pure space, may be considered as being either zero, or 
as producing no change, or as being on one side or the other 
of zero ; that is, as producing opposite effects. Hence has 
arisen a classification of two kinds of magnetic substances, 
viz. : — Those which point axially (76), and which have been 
termed Paramagnetic substances, and those which point 
equatoriallv, termed Diamagnetic. So that, taking the term 
“ Magnetic” in its most general sense, as applicable to all 
the phenomena, we have the following division : — 


Magnetic 


( Paramagnetic. 
^ Diamagnetic. 


When Paramagnetic or Diamagnetic substances are intro- 
duced into the magnetic field, they either increase or decrease 
the degree in which the force is transmitted, and thus dis- 
turb the uniformity of the lines. Paramagnetic substances, 
for example, concentrate the lines of force upon themselves, 
as represented by r in the annexed Fig. 130. Diamagnetic 
bodies, on the contrary, expand the lines of force, and cause 


Fig. 130. 
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them to open outward from themselves, as represented by d 
in- Fig. 130. Faraday calls this, for the moment, magnetic 
conduction. Paramagnetic bodies, when introduced into the 
magnetic field, always tend, from their power of concentra- 
tion of force, from weaker to stronger places of magnetic 
action, and are urged in the axial line (76). Diamagnetic 
bodies, on the contrary, tend from stronger to weaker 
places, and are repulsed to the equatorial line (74). The 
force which thus urges bodies to the axial or equatorial 
lines is not a central force (179), but a force differing in 
character in the axial or radial directions. One may retain 
a very concise notion of this paramagnetic and diamagnetic 
relation, by conceiving that if a liquid paramagnetic body 
w r ere introduced into the field of force, it would become 
prolonged axially, and form a prolate spheriod ; whilst a 
liquid diamagnetic body would become prolonged equa- 
torially, and form an oblate spheriod. 

274. Atmospheric Magnetism . — By one of those happy 
trains of thought peculiar to great philosophical minds, 
Faraday conceived the idea of an atmospheric magnetism, 
and succeeded in proving that gaseous substances, when in 
the magnetic field, obeyed the same laws as all other matter. 
Thus oxygen gas, enclosed in a thin envelope, becomes 
drawn paramagnetically into the axial line, and is hence 
attracted by the magnet after the manner of iron (80), whilst 
olefiant gas, for example, is repelled diamagnetically into 
the equatorial line after the manner of bismuth. The 
nitrogen of the air does not appear to be either paramagnetic 
or diamagnetic, but to consitute the zero place in the scale 
of different substances. In thus demonstrating the para- 
magnetic property of oxygen, we arrive at the very important 
fact, that two-ninths of the atmosphere, by weight, consists 
of a substance, magnetic in character, after the manner of 
iron, a substance liable to vast changes in its physical condi- 
tions of temperature and density, and by which its magnetic 
character would be liable to vary, independently of all 
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consideration of magnetic force existing in the mass of our 
globe, considered as a magnetic body per se. 

The earth itself may be considered as a spherical mass, 
consisting of both paramagnetic and diamagnetic substances 
very irregularly disposed ; it is nevertheless to be considered 
on the whole as a magnet, and as an original source of power. 
The magnetic force of this great system is disposed with a 
certain degree of regularity, so far as our opportunities of 
examining it extend, w hich is only on its surface. The lines 
of force which pass in or across this surface are made known 
to us, as respects direction and intensity, by means of small 
standard magnets. The average course, however, of these 
lines and their temporary variations, either in the space 
above or in the 1 earth beneath, are but very obscurely 
indicated through the same means. Our observations, in 
fact, do not tell us whether the cause of the variations is 
above or below. 

The lines of magnetic force issue from the earth in the 
northern and southern parts, with different but corre- 
sponding degrees of inclination, and incline to and coalesce 
with each other over the equatorial parts (28). 

The lines of force which proceed from the earth into 
space most probably return to it -’gain; but in their cir- 
cuitous course may extend to a distance of many of its 
diameters, to tens of thousands of miles. Space then forms 
the great abyss into which such lines of force as we recog- 
nize by our instruments proceed. Between the earth and 
this space, however, there is the atmosphere ; it is at the 
bottom of this we live, and in the substance of which we 
carry on all our inquiries. Now this medium is, as we have 
just seen, highly paramagnetic, and may evidently become 
changed in its magnetic relations by any change incidental 
to temperature or pressure. None of these changes can 
happen without affecting the magnetic force emanating from 
the earth, and causing variations at its surface both in 
intensity and direction. 


M ? 
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Having examined a variety of circumstances affecting the 
magnetic condition of the atmosphere, and the probable way- 
in which such changes would affect the magnetic needle, 
Faraday concludes that the magnet, as at present applied, is 
not always a perfect measure of the earth’s magnetic force. 
The intensity (254), for example, in oxygen, of a given 
density, would be different from those in expanded oxygen, 
although the same amount of lines of force and magnetic 
energy were present in both cases. To understand this, we 
have to consider that a needle vibrates by gathering upon 
itself the lines of force p, "Fig. 130, and which otherwise 
w ould traverse the space about it. If the oxygen, therefore, 
be made dense, and a better conductor ; then the magnet 
would carry on less of the force, and the oxygen more ; it is 
therefore very important to know w hether, when the magnet 
indicates an increased intensity ; the intensity is due to the 
earth, as a source of power, or to a change in the magnetic 
constitution of the surrounding space.* Considering that 
the magnetic state of the earth may not change whilst the 
oscillating needle, by the influence of the different conditions 
of day and night, or of summer and winter, may show r a 
difference ; so far the magnet, as at present applied, is not, 
according to this theory, a perfect measure of the terrestrial 
magnetic intensity. It is to the magnetic constitution and 
condition of the atmosphere, and the changes liable to be 
effected in it from changes in temperature, pressure, &c., 
that Faraday refers the annual and diurnal variation of the 
needle, and other periodical changes to which it is subject. 
Thus the position of the sun at a given place affects the 
atmosphere ; the atmosphere affects the direction of the 
lines of force : the lines of force there affect those at any 
distance, and those affect the needles which they respectively 
govern. The sole action of the atmosphere is to bend the 

* The author of this work first pointed out the necessity of placing the 
oscillating magnet in a space as nearly approaching a vacuum as possible* 
— Edinb. Phil. Trans, for 1836, vol. xiii. part 1. 
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lines of force, whilst the needle, being held by these lines, 
changes in position with the change of the lines. The needle 
is in fact a sort of balance, on which all the magnetic power 
around a giyen place hangs. Its mean position is the normal 
position. The fixation of the lines of force on the earth 
brings the needle back from its disturbed to this normal 
state ; thus, as the earth rolls on in its annual course, that 
which at one time was the cooler becomes the warmer hemi- 
sphere, and in its turn sinks as far below the average 
magnetic intensity as it before stood above it. Now, since 
the sum of the forces passing out from the earth wherever 
there is dip, must correspond on each side of the magnetic 
equator, it is impossible that they should become more 
intense in one hemisphere or more feeble in the other, 
without corresponding effects upon the position of the 
magnetic equator itself, which may be thus expected to 
undulate, as it wore, with the force, and move alternately 
north and south every year. 

] n the case of the diurnal variation, the whole portion of 
the atmosphere exposed to the sun, receives power to refract 
the lines of force, and the whole of that which covers the 
darker hemisphere assumes an equally altered but contrary 
state. It is as if the earth were enclosed within two enor- 
mous magnetic lenses, competent to affect the direction of 
the lines of force passing through tliyin. 

This hypothesis does not assume that the heated or cooled 
air has become actually magnetic, but is changed only in its 
power of transmitting the lines of magnetic force, it does 
not at present profess to apply to the magnetic or great 
secular changes of terrestrial magnetism, or to the cause of 
the magnetic state of the earth itself. With respt A to 
variations of magnetic force not periodic hut irregular (260), 
Faraday refers them to varying pressure, winds, currents, 
precipitations of rain or snow, &c., all of which may change 
the magnetic conduction of the air ; and in this way the 
presence of a mere cloud near a station may do more than 
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the rising sun. Where the air is changed in temperature or 
volume, there it acts and there it alters the directions of 
the lines of force, and these by their tension carry on the 
effect to more distant lines, whose needles thus become 
affected also. 

275. Theoretical Review of Ordinary Magnetic Action . — 
The first idea of ordinary magnetic phenomena was, as we 
have seen (13), the doctrine of Thales, who conceived the 
magnet to possess a species of animation ; this doctrine, 
however, was superseded by the doctrine of magnetic effluvia 
(13), a principle which engaged the attention of philoso- 
phers down to the time of the celebrated Boyle. Lucretius, 
in his fine poem “ lie Rerum Natura,” supposes that in the 
attraction of iron the effluvium of the lodestone displaced 
the surrounding air, in consequence of which atoms of iron 
flew toward the void, and in doing so dragged the iron 
toward the lodestone. Poliowing this hypothesis arose the 
notion of an expansion and contraction of the effluvia, which 
being thrown outward from the magnet, seized upon ferru- 
ginous matter, aud drew it by a collapse to the magnetic 
pole. Boyle resolves magnetic effluvia into indefinitely 
small atoms of magnetic iron, so indefinitely small as to 
permeate solid substances, and thus the lodestone is enabled 
to seize upon iron so forcibly as to raise it against its own 
gravity.* 0111)611; imagines magnetic force to depend on 
what he calls “a formal efficiency,” a “form of primary 
globes,” of which forms there is one in the sun, one in the 
earth, another in the moon. Magnetism is the “formal 
efficiency ” peculiar to the earth. The views of this truly 
great philosopher are, it must be allowed, very obscurely 
expressed, and, in common w ith all the preceding, wmre never 
practically applied in physico-mathematical science. 

276. Des Cartes, casting aside all preceding doctrines, 
applied his famous system of vortices of sctherial fluid in 
explanation of magnetic action. The Cartesian hypothesis 

* Essays on Effluviums, p. 33. London, 1G73. 
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supposes matter to be indefinitely extensible without any 
other property, and to consist of atoms of different forms 
— every other quality being derived from setherial elastic 
fluid continually revolving in vortices or eddies of various 
orders. The magnetic curves (28) he thinks an evidence of 
this. In no instance has the reasoning of this distinguished 
man been so persuasive as in the application of his theory 
to the phenomena of Magnetism. 

277. Dr. Gowen Knight supposes magnetic action to 
depend on the circulation of a repellent fluid existing in 
space and in the pores of steel, # and capable of passing in 
and out of the magnet, or between magnetic poles, in one 
direction only. This hypothesis he thinks consistent with 
the observed phenomena. If, he says, a reason can bo 
assigned for this circulation, then the “ whole mystery of 
magnetism is solved.” Attraction, upon this hypothesis, is 
the result of the fluid circulating from the pole of one 
magnet to the pole of another. Fig. 17 (28). Repulsion, on 
the contrary, is the result of opposed streams, Fig. 18 (28). 
Dr. Knight’s work is by no means undeserving of notice, 
as being one of the first attempts to account for magnetic 
phenomena through the mechanics of matter and motion ; 
and although strong exceptions have been taken to his 
postulates, the question how far they lead us to conclusions 
in accordance with observation still remains to be con- 
sidered ; of the agents employed by nature we really know 
nothing, except by the assimilation of effects with other 
agencies familiar to us. One of the great objections taken 
to this hypothesis is, that it is irreconcilable with the parti- 
cular law of force deduced by Lambert and Coulornbe, and 
should therefore be discarded, t Tin's is, however, a some- 
what hasty conclusion, since we have already seen, both 
experimentally (209) and by the researches of Faraday 
(274), that Magnetism is not necessarily a central force, 

* Attempt to explain the Phenomena of Nature, &c. London, 1748. 

f Library of Useful Knowledge. Magnetism, p. 33. 
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and that the law deduced by Coulombe and other philoso- 
phers is only a particular case of a more general form 
of magnetic action (215). 

278. It is not unworthy of remark, that soon after the 
discovery of Electro-magnetism in 1819, Ampere developed 
his beautiful Electro-dynamic theory, and showed the mutual 
attractions and repulsions of electrical currents* according 
to a certain fundamental law ; b} r assuming for a magnet a 
peculiar structure, he brings it under the dominion of this 
law, and by a most beautiful experiment shows that the 
circulation of electrical currents in a spiral wire, Eig. 43 
(51), imparts to that wire all the properties of polarity in 
the direction of its length ; and is finally led to conclude 
that a magnet has a current of electric fluid circulating 
about it in planes nearly perpendicular to its axis. 

279. Eollowing Dr. Knight’s work, we have the fine work 
of yEpinus,t in which the author supposes the existence of 
an mtherial fluid, termed the magnetic fluid, the particles of 
which repulse each other, but attract, and are attracted by 
the particles of ferruginous matter. He further supposes 
that, in the absence of this magnetic fluid, the particles of 
ferruginous bodies also repulse each other, but attract the 
magnetic fluid; all these attractions and repulsions con- 
form to the general law of central forces, being as the 
squares of the distances inversely. ^Epinus had the great 
merit of reducing the laws of equilibrium of such a fluid and 
common matter to strict mathematical investigation, and of 
affording, in a great majority of cases, a satisfactory expla- 
nation of the phenomena. According to the hypothesis of 
^Epinus, the condition of a magnet is an induced disturbance 
of the magnetic fluid it contains, from which results a redun- 
dancy or accumulation of fluid in one pole, and a deficiency, or 
what may be termed redundant matter, in the other. This 

* Rudimentary Electricity, second edition, p. 170. 

f Tentamen Theorise Electricitatis et Magnetismi. 
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positive and this negative pole attract each other because of 
the mutual attraction between the redundant fluid of the 
positive pole and the redundant matter of the negative pole. 
Two positive poles repulse each other from the mutual 
repulsion of the particles of the magnetic fluid ; two nega- 
tive poles also repulse each other in consequence of the 
repulsion of the particles of redundant matter. Induction 
is the result of similar attractions and repulsions upon the 
magnetic fluid and ferruginous matter or distant iron by an 
overcharged or undercharged pole. 

280. The French philosophers, startled at the assumption 
of a repulsive force in the particles of common matter, as 
being contrary to a fundamental law of gravity, changed the 
terms of the hypothesis of .^Epinus, without altering virtually 
its application. Having assumed the existence of a primary 
magnetic fluid, they supposed it be a compound of two 
elementary principles, an austral and a boreal fluid, each 
repulsive of their own particles, but attractive of each other. 
Magnetic action is the result of a separation of these elemen- 
tary fluids in each particle of the mass, and to which they 
are confined. This hypothesis originated with Coulombe 
about the year 1780, after the discovery of the opposite 
electricities, and the electrical theories of I) u Fay and 
Sy miner. It has since been more especially carried out in 
all its generality by M. Poisson, in his elaborate and 
mathematical analysis of the phenomena of Magnetism. 
M. Poisson .proves that the sum of the actions of the 
magnetic dements in a given magnet are the same as if 
they proceeded from a thin stratum of each fluid occupying 
the surface only, and so distributed that their total action 
upon the interior of the body is equal to zero. We have 
only to substitute the term austral fluid for redundant mat- 
ter or deficient fluid, and we have nearly the same result. 
Bonnycastle, in his application of this hypothesis, conceives 
the two fluids to have accumulated in opposite parts of a 
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magnet, which would make it identical with the hypothesis 
of ^Epinus, by only changing the terms ; whilst Barlow, as 
we have seen (264), confines the action to the surface of 
the magnet altogether, and refers the respective centres of 
force to two centres indefinitely near each other in the 
centre of attraction of the surface. 

We have rather dwelt on these views of ^Epinus and the 
French philosophers because of their admitting of the 
application of strict mathematical reasoning, and because 
of their being generally received as adequate to the expla- 
nation of magnetic action, no other equally substantive 
theories having been hitherto proposed ; we must not, how- 
ever, imagine that either of these hypotheses furnishes a real 
explanation of magnetic force, or that the existence of a 
magnetic fluid or fluids is, after all, anything more than a 
fiction of the mind, employed as a temporary substitute for 
truth. Still they greatly assist us in arriving at what we 
may consider as a true theory, viz., a resolving of classified 
facts into other facts still more general, and the final 
development of one great ultimate fact common to them 
all. Few who have considered the more recent progress of 
Electricity and Maguetism, more especially the brilliant 
researches of Faraday, will be disposed to place much con- 
fidence in the notion of electrical and magnetic fluids, and 
who will not perceive that the phenomena depend in all 
probability upon a principle of causation of a very different 
character. Grove, reasoning on the correlation of physical 
forces, considers Magnetism as a mode of motion caused by 
certain undulations or vibrations in the particles of common 
matter. Faraday, as we have seen,* disencumbers himself 
of the common theory of material atoms, and refers the 
phenomena to certain lines of force traversing space (273), 
and the relations which various substances have to these 


* Rudimentary Electricity. 
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lines. In all these speculations the student will do well to 
remember that it is quite in vain to seek for an adequate 
explanation of causation in the abstract ; all we can hope to 
arrive at is, as just observed, the resolving of phenomena 
into an intelligible sequence, and showing their dependence 
on some great ultimate principle reducible to a fact. This 
it is which constitutes a perfect theory. 
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the makineb’s compass. 

Early History — The Mariner’s Needle — Dr. G. Knight’s Inquiries — 
Best Form and Conditions of Compass Bars — Modes of Suspension — 
Scoresby’s Compound Bars — Employment of more than one Needle in 
the same Compass; various kinds of Sea-Compass — Committee of 
Inquiry into the State of the Compass Department of the Navy — The 
Admiralty Compass — Application of Magneto- Electrical Action to the 
Movements of the Needle and Compass by the Author — Magnetic 
Observatory at Woolwich — Mode of testing the Compasses of the Royal 
Navy — Local Attraction of Ships — Iron Ships — Deviations of the 
Compass on Shipboard — Methods of Correction. 

281. We have already described (14S) in a general way 
the nature and use of the mariner’s compass, and have 
further explained (243) the terrestrial magnetic variations 
to which it is subject; there remain, however, to be yet 
considered some other circumstances connected with this 
superb invention demanding especial attention ; these relate 
principally to certain improvements in the construction and 
use of the compass, and the deviations to which it is liable in 
consequence of the local attraction of a ship, especially of 
an iron ship, together with the methods hitherto practised 
for determining and correcting such deviations. Upon a 
review of the immense importance of this subject, therefore, 
as a branch of Magnetism, we have thought it desirable 
to devote a few pages to the exclusive consideration 
of this wonderful instrument, which, taking it in all its 
generality, may be considered as the polar star of magnetic 
science. 

282. The application of the directive property of the 
lodestonp (6) to the purposes of perilous journeys on land, 
and to the art of navigation, may be considered, probably, 
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the first, as it was certainly the greatest practical use to 
which Magnetism has been as yet made subservient, and 
furnishes an invaluable lesson in attempts to investigate 
nature by a careful collection of facts, however trifling 
the facts may appear. The person who first observed 
tho attraction of one particle of iron toward another, little 
thought of its leading to a means of guiding the mariner 
over a perilous and pathless ocean in the midst of darkness 
and tempest, without any other light to cheer his way than 
that of a small lamp shining on a piece of steel ; yet such 
has been the result of the discovery of magnetic agency. 
By whom the mariner’s compass was first invented, or with 
what nation it may have originated, has never been circum- 
stantially determined : it is, however, pretty certain, as 
observed by the indefatigable Humboldt, that, at least 
seven hundred years before it was employed by European 
nations, Chinese (‘.raft were sailing on tho Indian Ocean 
under the supposed guidance of south magnetic indication : 
this, together with the proved use of the common compass 
in China from the earliest times of which we have any 
record, the terms the Chinese employ to designate it, and 
the prevailing idea in that country that the needle points 
south, go far in corroborating the opinion that the mari : 
ner’s compass originated in China, or in some part of 
India (8). A rude form of compass is said to have been 
invented in upper Asia, and from thence convex ed by the 
Tartars to China.* 

The employment of the needle in navigation appears to 
have been first generally introduced into Europe towards 
the end of the thirteenth, or the beginning of the fourteenth 
century, and is attributed to a Neapolitan, a noble citizen 
of a town of Principato, which has ever since -borne the 
figure of a mariner’s compass as the arms of the territory. 

283. The magnet, when first used in navigation, consisted 
of a common sewing-needle, which, being rendered magnetic, 
* Mrs. Somerville, Physical Sciences, p. 338 . 
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was passed through a piece of reed or cork, sometimes 
forming a cross, and allowed to float on the surface of 
water ; hence, probably, the term “ magnetic needle.’ * Such, 
at least, was the practice of the captains navigating the 
Syrian seas in 1242.* Subsequently, however, the needle 
was increased to about six inches in length, and suspended 
on a point, in a white china dish filled with water, probably 
to prevent it from falling toward the side of the vessel. 
The present form of the mariner’s compass (148) is un- 
doubtedly of comparatively recent date, and it is equally 
certain that advances toward refinement in its construction 
have been very slow; indeed, so lately as the year 1820, 
Professor Barlow, who was directed by the Board of Admi- 
ralty to investigate and report on the state of the compasses 
furnished to the royal navy, states, “ that at least one-half 
of them were mere lumber, and ought to be destroyed.” 
Blinders also observes, “ the compasses of the royal navy 
are the worst-constructed instruments of any carried to 
sea.” 

284. ¥e are indebted to Dr. Go wan Knight + for many 
valuable attempts to improve the mariner’s compass in this 
country. Alm ost all the needles in merchant ships were, at 
the time he wrote, in 1750, composed of two pieces of steel, 
bent in the nyddle, and united in the form of a lozenge or 
rhombus, as in the annexed 
Pig. 131. This form he con- 
siders as very objectionable. . 

Having examined twenty 
of these needles, ho found them all to vary from the true 
direction. Should the temper of the steel be unequal, the 
hardest sides will have, he says, the greatest directive 
power. Besides this, the sides which nearest agree in 
direction with the earth’s magnetism, when the needle 
deviates from the meridian, will tend to preserve the decli- 

♦ Klaproth, Lettre a M. Humboldt, p. 57. 

t Phil. Trans. 17,50, vol. 46. 
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nation more or less ; hence many of the needles and cards 
he examined appeared to have a very small directive force. 
The needles employed in the navy were made of a single 
piece of spring-tempered steel (87), broad toward the ends, 
which were pointed, and tapering toward the middle, as 
represented in the annexed Fig. 132. Fig 132 . 

This form, although less objectionable 
as to direction, was still imperfect. 

Such needles, he says, acquire six poles (26) ; these may be 
made apparent by the experiment with steel filings (28). 
The* needle has not, from this circumstance, the same 
amount of directive force ; the greatest directive force ob- 
tains when the magnetic curves extend from two polar 
extremities. l)r. Knight concludes, after a careful inquiry, 
that a regular parallelopipcd, or straight bar narrow-edge 
needle, as represented in the 
annexed Fig. 133, is the 
most advantageous form 
for a compass-needle. He c 

thinks that if the hole at c for the suspension-cap could be 
avoided, it would be very desirable, and for the reasons just 
assigned. With this view lie was led to suspend the bar upon 
an agate attached to its under surface, the card being secured 
beneath the bar through the intervention of a ring of brass, 
of sufficient weight to bring the centre of gravity of the 
whole system below the point of suspension. Such w r as the 
form of needle and card afterward in use for some time in 
the royal navy ; and it is still worthy of serious attention, 
how far this kind of suspension may not be improved in its 
application to the light talc 
discs now employed, so as to 
avoid the weight of the brass 
ring. As, for example, in the a 
way indicated in the annexed 
Fig. 134, in which acid re- 
presents a light disc of talc, attached by two fine w ires at 


Fig. 134. 


c 



Fig. 133. 
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the extremities of the bar ; c, the point of suspension which 
is beneath the bar ; d the standard of support. 

It is not unworthy of remark, that the Chinese method of 
suspending the compass -needle, already described (122), is 
based on the same principle ; the point of suspension hi the 
Chinese compass is invariably below the centre of gravity of 
the needle, the needle being perfectly continuous. The sensi- 
bility and delicacy of these instruments are quite surprising. 

The Dutch employed for several years a conical brass bell 
in the suspension of their compasses, whieh they attached 
below the centre of the needle, as indicated in the anrfexed 
Pig. 135. Ail these contrivances, however, became even- 
tually superseded by a simple suspension-cap, fixed in the 
centre of the needle, as at c, 

Pig. 133 ; but of all the methods 
of suspending the magnetic 
needle, that by means of a silk 
fibre (118), is undoubtedly the 
most delicate although not per- 
haps sufficiently practical for 
sea-going purposes. 

285. Dr. Knight further inquires as to the best material 
for the cap of suspension. The caps at that time in use 
were either made of brass, or a hard, mixed metal, similar 
to the metal of a reflecting telescope, or otherwise containing 
a centre of crystal or agate. The first, he sayB, will only 
admit of a brass point ; the others being costly, he was led 
to try glass ; but upon the whole he concludes that a cap 
centred with agate has the least amount of friction. Por a 
point he chose a common sewing-needle. Of late years the 
centres of the caps of compass-needles have been occasionally 
formed of ruby, and a point employed for their suspension 
formed of native alloy, which is found to be harder than steel.* 
This question is one of much consequence to the working of 

* A valuable practical paper, by Capt. Johnson, R.N., on this subject, 
will be found in the Reports of the British Association for 1840. 
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a ship’s compass ; the great weight of the needles and cards 
at present employed, is very liable to work a hole in the 
agate centres, especially when at all defective in structure ; 
and so eventually destroy its action ; hence it is still very 
doubtful whether a fine and well-hardened point of brass, 
worked to fit a central cap of hard mixed metal, is not after 
all as well adapted for the purpose of a delicate and lasting 
suspension as any which can be devised. Mr. Stebbings, a 
celebrated optician at Southampton, employs ruby for the 
points as well as the caps, worked to fine globular surfaces 
of contact. 

286. The question of the most favourable conditions in 
the construction of a compass-needle was, in the year 1821, 
further investigated by Capt. Kater, F.K.S., who came to 
the conclusion that the best form was the pierced rhombus 
(Tig. 131) ; that hardening the needle throughout was inju- 
rious to its capacity for magnetism, and that the directive 
force depended on the mass, and not on the surface. These 
deductions have not certainly been so satisfactorily confirmed 
as to entitle them to unlimited confidence ; indeed, it is now 
universally admitted, that a bar of small breadth, Fig. 132, 
suspended edgewise, and hardened throughout, as practised 
by Gowan Knight, is after all the best form for the needle 
of the mariner’s compass : this kind of needle, therefore, is 
usually employed. 

Captain Kater’ s conclusion, that the directive force of a 
magnet is dependent on its mass, has yet to be reconciled 
with the fine experiments of Professor Barlow (239), and 
the more recent inquiries already adverted to (228). 

287. It may be worth while to notice a few conclusions 
arrived at by Michell and some of the old writers on 
this subject. Michell observes that all single unarmed bars 
should have a certain length, in proportion to their weight. 
A bar 6 inches in length, and ^ an inch wide, should weigh 
It ounces. The steel must be free from veins of iron, and 

* Phil. Trans, for 1851. 
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hardened with a full heat, hut not with too great a heat ; for 
that is as bad as the other extreme. That is the best steel 
which will receive the greatest hardness with the least 
degree of heat. 

Michell recommends very light bars for the purpose of a 
compass-needle, because the friction, he says, increases in a 
much greater degree than the magnetic power ; he recom- 
mends the caps for such needles to be of gold alloy, the 
alloy in large proportion. He found a long needle with this 
cap to vibrate on an irregular blunt brass point for fifteen 
minutes, whereas, with a common brass cap, and a sharp 
steel point, it would scarcely vibrate at all. 

Mr. Timothy Barlow, in a good practical work,* in which 
he treats of the “fashion of the compass-noedle,” says that 
the steel must be first hardened to brittle hardness ; it 
should be anointed wdth soap before being put into the fire, 
by which the black will easily scale off. The needle is to be 
now placed on a bar of red-hot iron ; w hen “ you shall see it 
turn from white to a yellowish colour, and then to blue^” 
now throw it on a table and let it cool ; and “ so he is of a 
most excellent temper.” Tor the form of the needle he 
approves of an open ellipse, but is a great advocate for light 
cards and needles. 

288. Having already considered the questions relating to 
the kind of steel, temper, and methods of magnetizing (89) 
(99), it w T ill not be requisite to enter further upon these 
questions here. We have merely to observe, that in the 
construction of bar-needles for the mariner’s compass, it has 
been thought of advantage to employ two or more magnet- 
ized steel plates, and unite them into a sort of compound 
magnet (19, 113). The Bev. Dr. Scoresby, at the Bristol 
meeting of the British Association, in 1836, first proposed 
this method for compass-needles, and insisted on the neces- 
sity of tempering the plates throughout their length. Com- 
pound bars of thin steel plates, on Scoresby’ s construction, 
* Magnetical Advertisements ; London, 1610. 
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have since been employed for the compasses of the royal 
navy. 

289. It was customary, above half a century Bince, to 
apply more than one needle to the same compass-card ; this 
practice has of late years been again revived, with additions 
and improvements, more especially in the compasses of 
H.M.’s ships; in which from three to five needles have 
been employed. Cavallo, whose works on electricity, mag- 
netism, and other branches of physics, are highly prized 
in the world of science, has in reference to this practice the 
following remarks : — “ Compasses for the sea service for- 
merly, and some even at present, are made in the following 
improper manner : — The brass cap is fastened to the middle 
of a circular card, upon which the various points of the 
horizon, as the east, west, &c., are marked. On the under 
part, two pieces of magnetic steel are stuck fast to it, so as 
to be parallel, and to stand about half an inch distant from 
one another, the pin upon which the whole is suspended 
passing between them.”* The object in using more than 
one needle is evidently a greater directive force ; this advan- 
tage, however, as observed by Professor Barlow, cannot be 
obtained without an increase of weight of steel, and as a 
necessary consequence, a greater amount of friction on the 
point of suspension. Unless, therefore, the directive force 
increase in a greater ratio than the loss by friction and wear 
of the centre, little advantage is obtained. The only favour- 
able circumstance is in the case of heavy cards, made pur- 
posely heavy, in order to steady the motion likely to be 
induced in it by the rolling and pitching of the ship. If the 
card be encumbered by a dead weight, the pow r er of a single 
needle is frequently insufficient to bring it accurately into 
its meridian, and thus the essential quality of the compass 
is sacrificed ; now, by employing several bars, we not only 
add to the weight of the card, but we also add directive force, 


* Treatise on Magnetism, by Tiberius Cavallo, F.R.S. ; London, 1800. 
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and thus in great measure avoid this defect. It will be 
found, however, as we shall presently show, that the use of 
more than one bar-needle and heavy cards are quite unne- 
cessary ; any method of steadying a compass by mechanical 
impediment to motion, whether by friction on the point of 
suspension, or on any other point, is evidently a hazardous 
practice. The mariner, deceived by the apparent steadiness 
of the compass-card, may find himself in peril before he is 
aware of his danger, the impediment to motion being such 
as to place the compass in error as to direction. 

290. Asa great and almost endless variety of forms and 
contrivances for the mariner’s compass, with a view to its 
further improvement, have been proposed, it may not perhaps 
be undesirable to advert to some of these inveutions. 

Compass bp Preston and Alexander . — The great contri- 
vance universally resorted to for the purpose of meeting the 
difficulties arising from the pitching and rolling motions of 
the ship, is, as we have already explained (148), the method 
of gimbalds, by which, under any inclination, the compass- 
bowl remains vertical. In Preston’s compass, an inner and 
small set of gimbalds are applied also to the needle and card, 
the whole resting by a descending point upon an agate 
centre, as shown in Pig. 130. This agate centre is further 
preserved vertical and 
steady by means of a 
pendulum action, and a 
ball and socket joint, 
not drawn in the figure. 

The interior gimbalds, 

&c. have been found very 
beneficial in preserving 
the needle and card 
steady. 

Mr. Grant Preston also contrived another kind of com- 
pass, in which the needle and card were fixed on a vertical 
axis moveable between two centres, and in 1832 obtained a 


Fig. 136. 
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patent for steadying the needle by passing a delicate-pointed 
axis of support through a fine hole in a semicircular arc, or 
plate of brass, attached beneath the needle. 

Pope's Compass . — In this compass, two or more bar 
magnets are now employed. They are set parallel, and 
allowed to take any degree of inclination of which they 
are susceptible ; each bar being hung on a transverse hori- 
zontal axis, applied to pivots fixed to slits in the compass- 
card. The freedom of motion of the needles in a vertical 
plane may certainly be useful in high latitudes ; but beyond 
this, no advantage is derived from it. This compass originally 
had only one needle hung in the centre of the card. 

Compass by Captain Walker , P.N . — In this compass, a 
double set of suspensions are employed, one over the other. 
[First, the card is suspended on a fixed vertical axis, 
passing through a small hole in a plate of brass, attached 
to the under side of the needle, upon Mr. Grant Preston’s 
principle, and terminating in the agate cap, which is some- 
what elevated. This axis of support is fixed upon a conical 
bell of brass, such as formerly employed in the Dutch com- 
passes, and shown Pig. 135. This bell is again suspended 
on a point and agate centre beneath, as represented 
Pig. 137. The object contem- 
plated, is a steadying of the 
needle by a refinement on 
Preston’s patent, and a de- 
crease of friction, by allowing 
motion to the point of suspen- 
sion of the needle through the 
intervention of the brass bell. The bell, however, may be 
fixed, if found desirable, by means of a wooden cone, which is 
to be placed within it, over the point of suspension. 

The needle may be considered as a sort of combination of 
the flat and bar-edged needles, the latter being nearly divided 
in the centre, but extending edgewise under the flat bar up 
to its extremities, as indicated in the figure. 


Fig. 137. 
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Compass- Needle by Captain West , R.N — The osoillations 
and movement of the needle are checked by the occasional 
friction of an ivory ring, through which the vertical axis of 
suspension freely passes. The ring is fixed centrally beneath 
the needle by means of a semicircular arc of light brass wire, 
attached to each of its extremities, as in Preston’s patent. 
This contrivance has been found effectual. 

Compass by Captain BoutaJcoff, \ of the Imperial Russian 
Navy. — The needle is fixed nearly in the line of the dip, 
which can be changed to suit the latitude; the card is 
figured on each surface, and so fitted that, in crossing the 
magnetic equator, it can be turned over with the needle. 
Captain Boutakoff thinks that by this method he avoids at 
least one-half the vibration. 

Bent's Compass . — In this compass four thin, wide mag- 
nets of steel plate are applied edgewise to the under surface 
of the card, parallel to each other, and the whole is fixed 
on a vertical steel axis, as practised by Preston, but is beauti- 
fully set up between two jewels as centres, after the manner 
of the balance of a chronometer ; so that very little friction 
arises in the pivots of the axis. The centre of gravity and 
centre of motion are made to coincide. To check any 
inconvenient oscillation, there is a light steel spring : this 
spring, by a simple lever action, may be pressed gently 
against the axis of the compass. 

Stebbing's Compass. — The needle and card are suspended 
on a ruby point and agate centre;, which are carefully worked 
to extremely fine spherical and corresponding surfaces of 
contact ; so as to avoid all abrasive action, the compass-fly is 
of silk, secured in a light circular frame of brass attached to 
the needle ; the whole is enclosed in a glass bowl, and is 
perfectly transparent. This compass is usually fitted in the 
deck, so as to be illuminated at night by the lights in the 
cabin beneath. 

Submerged Compass . — About the year 1779, Dr. Ingen- 
houz made some experiments on a magnetic needle immersed 
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in water. He found that the water by its resistance as a me- 
dium, tended to steady the needle, without diminishing in any 
sensible degree the directive force. This led him to think 
of enclosing the needle for sea purposes in some fluid ; a 
proposition which, although deserving' much consideration, 
was not at the time adopted. It has, however, since been 
partially resorted to, and some instruments of this kind 
by Crowe and Preston have answered extremely well. The 
compass-bowl or kettle (148) being fitted water-tight, is 
filled with oil or spirit, or some fluid compatible with the 
durability of the compass. This instrument is occasionally 
employed in the royal navy, and is found especially useful 
in boats when subjected to a short jerking motion. 

291. Admiralty Compass . — The admitted defects in the 
compasses formerly supplied by contract, by the lowest 
tender, for the use of the royal navy, induced the Board of 
Admiralty, in the year 1820, to appoint Professor Barlow to 
examine the compasses then in store. Mr. Barlow found 
these instruments so defective, that, as already observed, he 
states, in his report, “at least one-half were mere lumber.’ * 
Very little amelioration, however, in this state of things 
appears to have taken place until 1838 to 1840, when the 
board appointed a committee for furiher inquiry. One of the 
results of the investigations by this committee has been the 
production of a compass called par excellence “ the Admiralty 
Compass.” In this compass four of Scoresby’s compound 
magnetic bars are employed, secured together with the card 
within a light ring of brass ; the card is of mica, covered with 
thin paper, the impression of the cardinal points, &c., being 
struck off subsequently to its being cemented to the surface 
of the talc, so as to avoid all distortion of the surface by 
shrinking; the caps are of agate or ruby, worked to the 
shape of the points of suspension, which are of native alloy 
(285). Spare points of steel are also supplied; these are gilded 
by the electrotype process. The compass-bowl is made of cop- 
per, with a view to tranquillize the oscillations of the needle, 
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after a form of compass previously submitted to the committee 
by the author of this work. The principle, however, as thus 
employed, is very inefficient, the great condition being the 
application of a dense ring of copper immediately round the 
poles of the needle. Each compass is furnished with two 
spare cards, a light and a heavy card, and six spare pivots. 
When the light card is not sufficiently steady, then the 
heavy card is directed to be- employed, together with tho 
particular pivot-point especially appropriated to its use ; 
the card is levelled by balance slide-pieces, as in the com- 
pass previously submitted by the author for the consideration 
of the committee. 

This compass, although not possessing any superior excel- 
lence as a steering compass, having, with a sensible suspen- 
sion, proved very unsteady at sea,* is nevertheless carefully 
and beautifully constructed, especially in its adaptation to 
the purposes of an azimuth compass, into which form of 
compass (150) it is convertible. In this case tho instru- 
ment is placed on a stand, the glass cover removed, and the 
azimuth circle fixed on its upper margin. The arrangement 
is such that the sight-vane and prisin (150) can be turned 
without interfering with the other parts of the instrument, 
as will be hereafter explained (298). The bottom of the 
compass-case also can be removed so as to light the card 
from beneath. 

292. Upon a review of nearly all the several forms of 
mariner’s compass to which we have just adverted, it is 
evident that the simplicity of construction requisite to 
every sea-going instrument has been materially compro- 
mised, all the contrivances are more or less complicated, and, 
as a necessary consequence, more or less costly. That would 

* See a valuable work by Capt. Johnson, F.R.S., Capt. R.N., “On 
the Deviations of the Compass,” p. 51, published under the sanction of 
the Lords Commissioners of the Admiralty, as also reports from H.M.’s 
ship Asia , and some other vessels. 
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be tbe great perfection of the mariner’s compass which 
should combine steadiness, under the variable motions of 
the ship, with great sensibility and simplicity of construc- 
tion, so that in case of any mishap or error arising from 
the wear and tear of the respective parts, there may be 
nothing to correct, which any ordinary mechanic, or, if in 
the navy, which the ship’s armourer could not easily manage. 
Unless, therefore, it can be shown that such complex 
arrangements are absolutely requisite, they are best avoided. 
No sufficient reason, for example, can be assigned for the 
employment of from three to five compound magnetic bars of 
costly and difficult construction ; supposing it were proved, 
from the evidence of experience, as well as theoretically, that 
a single and simple bar-edged needle is even more than 
adequate to any required practical purpose. Beside this, 
there are some not unreasonable objections to the use of 
several bar-needles ; the similar poles, for example, tend to 
destroy each other’s power (111) ; and if the magnets be 
not very accurately parallel, and carefully magnetized and 
placed, the card may be in error as to direction ; to avoid 
this, it is requisite to suit the card to the direction after 
the needles are applied. 

We may further observe, that it vvould be unphilosophical 
to employ two cards of unequal weight, with especial pivots 
adapted to each card ; and with a view to particular adjust- 
ments under motion, and to the obtaining a steady compass 
by the aid of friction, provided all the advantages to be 
derived from such adjustments could be arrived at with 
one card, and by more simple and efficient means ; it would 
also be quite superfluous to mount a compass on two con- 
secutive pivots, as in Big. 137, when one point of suspension 
is sufficient. Such arrangements, therefore, however in- 
genious, are not desirable, unless absolutely requisite to the 
perfection of the instrument. It is to be remembered that, 
in the construction of the mariner’s compass, the abstract 
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perfection we seek to obtain, is the image of a small 
horizontal circle duly graduated, and divided into thirty- 
two rhumbs or points, which, floating as it were in a fixed 
position in space before the eye of the steersman, directs 
the guidance of his ship. It is, in fact, the ship which we 
must suppose to move into various positions, not the compass ; 
that should be so delicately and sensibly hung as to come 
as near the condition of this ideal aerial compass as may be. 

298. Mariner's Compass by the Author . — Impressed with 
these views, the author of this work was, in the year 1881, 
led to the construction of a particular form of mariner’s 
compass, combining simplicity of construction with groat 
sensibility and stability. The following is a brief notice of 
this instrument, as constructed by Messrs. Lilley, opticians, 
Limehouse : — 

The needle consists of a light bar-edged magnet, from 
5 to 7 inches in length, furnished with a central cap, as 
in Tig. 133. The bar is carefully worked, hardened and 
tempered throughout j and, previously to being magnetized, 
is accurately poised in a horizontal position (156).* Being 
thus poised, two small sliders of silver, weighing each about 
twenty grains, are fitted to the bar, so as to move upon it with 
friction. They are placed over a mark midway between its 
centre and extremities, the whole being perfectly poised ; 
the bar is now rendered magnetic, and in such a manner as 
to admit of the centre of the various magnetic curves (28), 
Big. 16, falling immediately on the point of suspension. The 
small magnetic dip incidental to the bar, is corrected by 
moving one of the silver sliders a little toward the centre, and 
the opposite slider a little toward the extremity. By this 
method, we have always what may be considered as the same 
quantity of magnetism, matter, and motion, on each side the 
centre, since the difference in the angular inertia of the silver 

* This instrument has become the property of Messrs. Lilley & Son, 
opticians, West-India Docks, and is made with great care and per- 
fection in the workmanship. 
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sliders is sufficiently small to be neglected ; the bar, there- 
fore, is so far deprived of any tendency to persevere in a state 
of movement, from tbe motion of the ship. The magnetic 
force of this bar-needle, from the particular way in which it 
is made, is so considerable, as to lift at either pole three 
times its own weight of iron, and will produce, according to 
Score shy’s method of deflections (134), a deviation of 22° at 
a distance of twice its length from the centre of the trial- 
needle. These bar-needles are nevertheless very light. 

The needle as thus constructed is attached to a very light 
disc of talc, in a single piece, and on which the requisite 
points and graduations are conspicuously and clearly 
painted ; by which means the presence of a paper surface is 
avoided. The whole is balanced in an east and west direc- 
tion, that is, transversely to the direction of the needle, by 
a light cross bar of brass, furnished with small sliders, in the 
way just described. 

Things being thus arranged, the needle is suspended upon a 
central point c, Pig. 138, 
proceeding from a double 
curved bar anb, fixed 
as a diameter to a dense 
ring of copper acbd , and 
in such way as to admit 
of the poles of the mag- 
netic needle a b moving 
just within the ring, and 
so near the copper, that 
the magneto-electrical action already explained (58, 60, 
63), can sensibly restrain any oscillation to which the 
needle may become exposed. We thus bring to bear upon 
the needle an invisible agency, which, without offering any 
rude, common, mechanical impediment to motion, such as 
friction, or in the least degree interfering with the sensi- 
bility or direction of the instrument, restrains as if by a 
magic hand its disturbed movement, and confines it like the 


Fig. 138. 
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ideal card to which we have adverted, in a given position in 
space. 

294. The author has investigated* the magnetic conditions 
of this phenomenon, and has shown that the restraining 
force with a magnet of a given power, is as the quantity of 
the copper within the sphere of action directly, and as the 
squares of the distances from the magnetic polar extremity 
of the needle inversely (174, 175), the matter of the copper 
being supposed to be condensed into an indefinitely thin 
stratum, and taken at a mean distance from the pole of the 
bar at which the sum of the forces may be supposed to 
produce the same effect as if exerted from every part of the 
mass. The energy of a ring of copper in restraining the 
magnetic oscillation is therefore as its density. It was also 
further found that with a given magnetic tension the re- 
straining power of the copper no longer sensibly increased 
with the thickness of the ring, and that hence the required 
thickness was different for different needles. It is requisite, 
therefore, to have the poles of the bar as near as possible to the 
surface of the ring ; to give the copper the greatest possible 
density, accumulate it immediately about the poles of the 
needle, and give the ring a greater or less degree of thick- 
ness sufficient to exhaust as it were the magneto-electrical 
energy of the magnet to be employed. 

The ring and axis of suspension are accurately turned and 
centred in a lathe ; the axis of support c, Fig. 138, is pointed 
at each extremity, and admits of being reversed in position by 
turning it over, and fixing it in the reverted direction ; we 
have hence a spare point always at command. The cap, also, 
can be renewed when requisite. The points and centres are 
usually made of very hard mixed metal, which has been 
found less liable to abrasion than agate and steel points. 

Things being thus prepared, the whole is placed within a 
cylindrical copper case, faced above and below with plate- 


* Phil. Trans, for 1831, p. 497. 
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glass covers. As indicated in the last figure, the whole is 
hung in gimbalds, in the usual way (148). 

295. The card being beautifully transparent, a small 
quantity of light placed beneath, and a little on one side of 
the compass, is sufficient to illuminate it at night. With 
this view, it is intended either to fit the compass in the deck, 
and light it from the cabins beneath, or otherwise, in a 
binnacle of a very simple construction, shown in the annexed 
Pig. 189, especially adapted to its 
use. This binnacle is of wood, and ^ 139 * 

of an octagonal or cylindrical form, 
about two feet six inches high, the 
compass being hung on its upper 
part, at c. About twenty inches 
beneath the compass, there is a plat- 
form d , carrying two small spring 
candle-lamps a b, hung on pivots in 
holes in the platform, one on each 
side; one of these is sufficient for 
the purpose of illumination. The 
candles are easily replaced without 
disturbing the apparatus, they being 
previously secured in spare spring 
sockets, made to drop freely into the 
body of the lamp, which need not 
be taken out. There are some 
small holes round the compass at c, 
for ventilation, and a small door below, through which 
the requisite manipulations are easily carried on. This 
method of illumination is extremely economical, clean, 
and efficient, and requires no trimming or attention. It 
is far superior to the common method with oil-lamps,* 
which occasionally proves very troublesome, dirty, and in- 
convenient. 

* The compass may be illuminated in this way at the rate of one penny 
for seven hours, the effect being a subdued and beautifully soft transparent 




152 


SEDIMENTARY MAGNETISM. 


296 . When the card and 140 - 

needle are not in actual 
use, they are to be secured 
in a soft iron keeper (10), .i 
as indicated in the an- a & 

nexed Fig. 140, which represents the needle as resting 
in slits, cut for its reception in two masses of soft iron, 
formed at the extremities of a soft iron bar a b ; this 
keeper is fixed in a shallow square box, with a slide cover. 
It is most important to the mariner to attend to the pre- 
servation of his compass in some such way as this. The 
instrument as usually stowed in the store-rooms on ship- 
board is very liable to be ruined in various ways, and its 
polarity either greatly weakened, or altogether destroyed 
(110). If the north pole of the needle be merely placed in 
opposition to its natural direction, and toward the south 
pole of the earth, that alone is sufficient to disturb and 
weaken its magnetic development (14, 101). 

297. It not being the author’s object to dwell longer on 
this particular form of sea-compass than is requisite to the 
interests of navigation and scientific inquiry, any lengthened 
report of its operation, as observed in numerous instances, 
must necessarily be avoided: we may, however, observe, 
that it has been extensively and very successfully em- 
ployed in the merchant navy ; it has been also employed 
in the fleets of the Honourable the East-India Company, 
in numerous ships of foreign powers, and in several of Her 
Majesty’s ships ; and it appears, upon the whole evidence of 
experience in every class and kind of vessel, that there is no 
condition requisite to the full practical perfection of the 
mariner’s compass which it does not satisfy ; and considering 
the extreme perfection and beauty of the workmanship by 

light. The lamps and candles are supplied by Mr. S. Clarke, 55, Albany 
Street, Regent’s Park, London. The candles are warranted to stand in 
any climate. Three years’ consumption may be packed in a box occupying 
about two square feet. 




NEW AZIMUTH COMPASS. 


153 


the makers, its cost is comparatively small, it bfeing about half 
that of the Admiralty compass as commonly supplied to the 
ships of the navy. In the heavy seas about Cape Horn and 
the Cape of Good Hope, the card was not found to oscillate 
more than from i to £ a point each way. The only com- 
plaints which have arisen, in a few instances, have been 
referable to abrasion of the agate centre in some of the 
instruments first made, arising from wear and tear of the 
point of suspension. The agates, in these cases, were 
examined, and found defective ; all such defects have been 
since removed. It may not be unworthy of remark that 
this compass has proved especially steady in steam-ships 
fitted with the screw propeller. 

298. The application of magneto-electric action as a 
means of steadying the compass in its meridian is of sin- 
gular importance to the azimuth compass (150), where 
angular distances require to be accurately measured. An 
improved azimuth compass, by Messrs. Lilley, has been 
lately produced, in which the needle, nailed as it were to its 
meridian by the influence of a dense ring of copper, may be 
considered as being without any oscillation. In this instru- 
ment the margin of the card is graduated to twenty minutes, 
the plate-glass cover contains a metal centre, about this 
centre the pivot of the upper part of the verge, carrying the 
sight- vane and prism (150), revolves, leaving the compass- 
bowl and its contents fixed, as in the azimuth compass of 
the Admiralty committee ; 
all this part of the instru- Fi S- 141 • 

ment, therefore, remains 
unaffected: this is of the 
utmost importance, especi- 
ally in iron ships. The 
lubber-line in this instru- 
ment, as constructed by 
Messrs. Lilley, is set on 
a delicate index, which acts 
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as a stop wheh the reading is being taken, and is always 
directed to the ship’s head. In the annexed Fig. 141, m n 
represents the revolving part of the verge, which can be 
turned about the centre c fixed in the glass plate beneath ; 
A, the body of the instrument, remaining fixed. 

299. It may not be unimportant, before dismissing the 
consideration of magneto-electricity as a restraining force 
in the disturbed movement of the compass on ship-board, 
briefly to notice a conclusion arrived at by the compass com- 
mittee of the Admiralty relative to the operation of this 
force, the question being one of singular importance to the 
future interests of navigation. The author had, six years 
previously to the appointment of the committee in 1837, 
completely worked out all the great practical deductions 
bearing on the application of magneto-electrical action in 
steadying the movements of the mariner’s compass, and 
had shown how the magnetism of the needle itself might be 
made the means of restraining its own oscillations. The 
questions of thickness of metal, density, and magnetic force 
had all been completely investigated by taking the magnetic 
vibrations within thin concentric circular laminae of copper 
turned up in the form of rings.* It was easy to determine 
with a given magnet, and by means of the formula previously 
deduced (60), the precise effect of anv one of the concentric 
rings, both as to position and distance, or of any number of 
rings combined, or by varying the magnetic force, the effect 
due to different degrees of magnetic power ; in this way, as 
already observed (294), it was proved that the magneto- 
electric energy, or restraining force, was as the magnetic 
intensity directly, and as the second powers of the distances 
inversely. The experimentalists of the compass committee, 
however, not having probably considered these facts, were 
led, upon an examination of the compass submitted by the 
author, to try the influence of a solid copper bowl, of a 
given thickness, on the magnetic oscillations, and then to 
* See Phil. Trans, for 1831, p. 497. 
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cut away or turn down the bowl of an inch at a time, so 
as repeatedly to reduce its substance; examining as re- 
peatedly the magnetic oscillation at each reduction. The 
conclusion arrived at by the committee was, that a thin 
bowl of copper was as efficacious in restraining the magnetic 
vibration as a thick bowl ; and that hence if the magnetic 
needle and card were enclosed in a copper compass-kettle, 
the use of a copper ring condensed about the poles of the 
needle, as employed by the author, would be superseded. 
Upon this very hasty conclusion the committee proceeded to 
act in the construction of the Admiralty compass. With 
respect to the experiment itself, it was anything but re- 
fined: perhaps it may be considered as somewhat clumsy 
when compared with the method of concentric lamin®. For 
the force decreasing as the second powers of the distances 
inversely, it w r as, after all, not likely that any great effect 
would result from the distant parts of the bowl ; the induced 
restraining force would be almost entirely, if not altogether, 
confined to that part of the copper bowl immediately opposed 
to the poles of the needle : the experiment, therefore, was 
most unnecessarily elaborate and costly. It is certainly 
possible that a magnet of a limited power, with its poles 
placed at a certain distance from the copper, might have all 
its magneto-electrical induction exhausted as it were, by 
a certain thickness of copper, as the author had already 
shown. This, however, was only a limited or particular 
case of a great physical action, but whicli the committee 
failed to investigate in all its generality. Had the experi- 
mentalists tried other magnets, and allowed their poles to 
oscillate near the surface of the copper, they would not have 
come to the same conclusion. 

The experimentalists, however, had great confidence in 
their deduction ; but they evidently failed in producing any 
amount of tranquillizing power ; since, by the extract from 
the work published under the sanction of the Board of 
Admiralty, already referred to (285), as also from various 
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official reports, the compass proved “ too unsteady for use 
under the heavy rolling motions of a ship of the line,” also 
in “some steam-vessels;” it hence became requisite to call 
in the aid of friction by the employment of a heavy card, in 
order to curb the irregular movements.* The experiment, 
therefore, by the compass committee was incomplete, and 
the deduction from it practically false : to obtain anything 
like a competent tranquillizing power, it is absolutely requi- 
site to employ a powerful bar, and place the copper in a 
thick dense ring, immediately about the poles of the needle. 
It is in fact notorious to all those acquainted with the 
Admiralty compass, that little or no effect is produced by 
the influence of the thin copper bowl on the oscillations of 
the card. This subject is undoubtedly important, and is 
still open to much further and beneficial investigation. 
The most energetic metal has yet probably to be discovered. 

300. The Compass and Magnetic Observatory . — Much 
benefit did undoubtedly arise to the public service by the 
appointment and labours of the committee of inquiry into 
the state of the compass department of the navy, more 
especially in the establishment of a regular and well-ordered 
observatory at Woolwich, for examining and perfecting the 
compasses intended to be employed in H.M.’s ships ; and it 
is to be regretted that a full report of the committee’s pro- 
ceedings has never appeared. The observatory is placed in a 
suitable and well-selected position in the parish of Charlton, 
near Woolwich ; it has a convenient room built of wood, apart 
from the rest of the establishment, especially prepared for 
experiments in magnetism, and the examination of sea-com- 
passes, to which it is devoted. The method of testing a 
compass is as follows : — Three pedestals, s, c, N, Fig. 142, are 
firmly fixed in the room, quite independent of the floor, in the 
line of the magnetic meridian. The south pedestal s carries 
a suspended magnet, which is observed by means of a transit 
telescope fixed on the centre pedestal c ; on the pedestal N 
* Johnson on the Deviation of the Compass, p. 41. 
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Fig. 142. 



is placed the compass to be examined. The collimating 
magnet s consists of a hollow steel cylinder, % an inch in 
diameter, and about 6 inches in length, centrally suspended 
in an appropriate frame. by a long silk fibre ; a small lens is 
fixed in the north end of the cylinder, and there is an ex- 
tremely fine scale of 160 divisions traversing it horizontally, 
and right across its centre. The transit on the central pillar c 
being duly adjusted and directed in the axis of the colli- 
mating magnet, its scale is observed to vibrate across fine 
filaments of spider’s web, fixed perpendicularly in the tube 
of the telescope. The magnetic meridian being found by 
this means, the transit is turned over, and directed toward 
the north, upon a mark painted on a distant wall on a 
rising ground, called Cox Mount ; this mark corresponds to 
the line of the collimating magnet on pedestal s ; we thus 
transfer over, as it were, the line of the magnetic meridian 
as taken in the telescope upon the compass to be examined, 
and which is placed on the pedestal N. The needle and 
card being removed, the compass is so adjusted in position 
by appropriate apparatus on which it rests, as to bring the 
point of suspension of the needle in the line of the tele- 
scope, and so as to bisect it ; this done the card is replaced, 
and its north pole is made also to coincide with the line of 
the telescope. 

For the adjustment of the azimuth compasses there are a 

p 
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Bet of graduated divisions painted on the distant wall, and 
the vertical line of the telescope conveyed through the 
window so as to cut these divisions ; the prism is now 
adjusted for the zero point of the card, the hair-line of the 
sight- vane (150) being directed to the particular division on 
the wall, cut by the vertical line of the telescope.* 

The pivots, caps, and gimbalds, and the metal of the 
compass-bowl, &c., are now carefully examined ; also the mag- 
netic power of the needles, which are tested by a standard 
magnetometer of deviation (131), so that errors liable to 
arise in any particular instrument are certain to be detected. 

301. Attached to the Observatory is a museum containing 
a collection of sea-compasses of various kinds, and also other 
magnetic instruments. The following is a brief notice of 
some of the forms of mariner’s compass found in the estab- 
lishment : — 

Compass by Mr. George, Master R.N. — The needle is a plane 
circular segment of thin steel plate, vertically placed above the card. The 
point of suspension is on a gimbald inside the kettle. 

French Binnacle Compass. — A descending point rests on an 
agate plane, the position of which can be changed so as to renew the 
surface of suspension. 

Compass by Preston. — Card and needle on a vertical axis, move- 
able between two centres ; a method since adopted by Dent. 

Compass by James Thomas — Has an axis of suspension, through a 
plate, as first employed by Preston, and since adopted by Captain Walker 
(286), Fig. 137. 

Compass by Crowe, of Feversham. — The card is hollow, and of 
enamelled copper, placed in a fluid ; it is buoyed up centrally against a 
point projecting downward from the glass cover. This was the original 
fluid compass (286). 

Compass by Captain Kater— H as a double suspension, an upper 
suspension of silk fibre, so as to take the weight off the point beneath. 

Old Prismatic Azimuth Land Compass. 

Danish Azimuth, as employed in the Danish royal navy, has a tele- 
scope of observation, fixed across the azimuth circle. The gimbalds work 
on friction rollers. 

* Two of the plates of glass in the window are worked perfectly plain, 
so that no error may arise in this operation. 
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Azimuth Compass by Sydes and Davies. 

Azimuth Compass by Blunt, of London. — A very old form. 

Meridional Compass by Walker — Has a graduated concave arc 
over the card. 

Compass by Wood, of Liverpool. — A cylindrical pointed magnet, 
of about 10 inches in length ; is fitted to a system of graduated metallic 
circles, the whole set on a vertical axis. 

Compass by Miller, of the Devonport Dockyard. — The 
needle is bent each way from the centre to about the angle of the dip, 
and is compounded of the flat and bar-edged needle. 

Boats* Compasses of various Kinds. 

Chinese Compass. — The needle is suspended on a point below its 
centre of gravity. 

Binnacle Boat Compass by Preston. — A fluid compass. The 
fluid is one- third alcohol and two- thirds water. 

Compass by Captain Phillips, R.N. — The needle is elliptical ; the 
compass is on springs, and without gimbalds. It is poised on a central 
point, so as always to remain vertical. 

Compass by Sir Edward Owen — Is hung on springs from the 
box, so as to yield to the concussion of guns. 

Compass — Set in double gimbalds. 

Spanish Compass. — The bowl is of wood ; the card pasteboard. 

Insulated Compass — I s set on glass legs. 

Compass by Lieutenant Edye, R.N. — The needle is hung cen- 
trally by attraction at the pole of a vertical magnet, as occasionally prac- 
tised in the chemical balance. 

Experimental cards with various needles and pivots ; about forty 
employed by the Committee. 

Card in which the line of suspension may be adjusted to the axis of the 
gimbalds. 

Patent Compass by Jennings. — The needle is within a hollow 
metal case, containing ferruginous matter. 

Pope*3 Original Compass. — The needle is a flat bar, hung on a 
central axis, free of the card, so th^t it may take any dip. 

The magnetic needle of the dipping instrument employed by Captain 
Cook. 

Proposed Card by Captain Milne, R.N. — For meeting tfoe devia- 
tions of local attraction. The card is figured for direction indicated in the 
ship. 

Patent Card by Captain Sparkes, R.N., adjusted upon similar 
principles. 

This observatory, so essential to the interests of the 
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navy, is under the direction of an intelligent naval officer, 
Captain Johnson, who is well versed in the science of mag- 
netism, and is at the head of the compass department of the 
Admiralty. 

302. The card of the mariner’s compass, as we have before 
explained (144), is commonly estimated in terms of 32 points 
or rhumbs it has, however, been found desirable for more 
refined purposes to estimate the angular deviation from the 
line of the magnetic meridian in degrees and minutes, taken 
in reference either to the north or south pole of the card ; 
thus, instead of the rhumb N.E., we say N. 45° E. ; instead 
of S.S.W., we say S. 22° 30' W., and so on. The following, 
as a table of reference, may not be altogether superfluous. 


Points. 

Deg. 

Points. 

Deg. 

Points. 

Deg. 

| Points. 

Deg. 

N. 

N. by E. 
N.N.E. 
N.E. by N. 
N.E. 

N.E. by E. 
E.N.E. 

E. by N. 

O / 

0 0 
11 15 
22 30 
33 46 
45 

56 15 
67 30 
78 45 

E. by S. 

E. S. E. 
S.E. by E. 
S.E. 

S.E. by S. 
S.S.E. 

S. by E. 

o 1 

90 

78 45 
67 30 
56 15 
45 

33 45 
22 30 
11 15 

S. 

S. by W. 
S.S.W. 
S.W. by S. 
S.W. 

S.W. by W. 
W.S.W. 

W. by S. 

o / 

0 0 
1) 15 
22 30 
33 45 
45 

56 15 
67 30 
78 45 

W. 

W. byN. 

; W.N.W. 
N.W r . by W. 
N.W. 

N.W.by N. 
N.N.W. 

N. by W. 

0 / 

90 

78 45 
67 30 
56 15 
45 

33 45 
22 30 

11 15 

E. 

90 

South 

0 0 

W. 

90 

North 

0 0 


It is easy to observe here, from the north or south line, 
or 0° O', either in the upper or under line of the table, the 
degrees corresponding to any rhumb taken either east or 
west of the meridian. Thus we have for the rhumb E. by S. 
the expression S. 78° 45' E. ; for the rhumb W.N.W. we 
have the expression X. 67° 30' W. 

It has been further found 0 convenient, in some especial 
instances, to take the angular measure from the north point 
only, all round the circle and in an east direction. Thus we 
should have for S.S.W. the expression jNL 202° 30', for 
N. by W. we have N. 348° 45' ; it is further evident that 

* The reader is requested to correct the following errors of the press in 
the table given p. 133, Parts I. and II. line 4, under E. read S.E. by E. ; 
line 3, under S. read S.S.W. ; line 4, under S. read S.W. by S. 
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we may represent in this way the position of any rhumb 
from either of the cardinal points N., E., S., W. taken as 0° O' 
in each quadrant. Thus we may represent E.N.E. as 
E. 22° 30' northerly, taking E. as 0° O'. The method, how- 
ever represented in the table just given is that commonly 
employed. 

303. Local Attraction . — By the term local attraction, as 
applied to a ship, we are to understand a certain disturbance 
of the compass under the influence of the general mass of the 
vessel considered magnetically, in virtue of the iron which 
it contains. The amount of disturbance will materially 
depend on the direction of the ship’s head in respect to the 
needle, by which the ship’s position as a magnet is varied 
(191) . It is now but too certain that errors of the compass 
thus produced have led to afflicting cases of shipwreck. 
"We owe the first intelligible notice 1 of* the local attraction of 
a ship to Mr. AVales, E.B.S., who accompanied Captain 
Cook as the astronomer of his expeditions in 1772-3-4. 
Mr. Wales observed, in the English Channel, differences in 
the azimuth compass of 19° to 25°, and afterward similar 
discrepancies all the way from England to the Cape. The 
greatest westerly deviations occurred when the ship’s head 
was between N. and E. He was hence led to express his 
conviction, “ that variations of the compass (149), observed 
with the ship’s head in different positions, and even in dif- 
ferent parts of the ship, will differ materially.”* This was 
certainly the first notice of local attraction scientifically 
observed, and must not be confounded with notices of the 
common action of iron on the compass, mentioned by earlier 
navigators, t 

304. In the year 1790, Mr. Downie, master of JI.M.’s 
ship Glory , made an interesting report on this subject, in 
which he observes, “ that in all latitudes, at any distance 
from the magnetic equator, the upper ends of iron bolts 

* Wales’s and Bayly’s Observations on Cook’s Voyages, p. 49. 

+ Sturm’s Mariner’s Magazine, published 1C84. Dumpier, 1680. 
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acquire an opposite polarity to that of the latitude/* — an 
observation in accordance with Marcel’s experiment in 1772 
(101) ; so that by induction they may attract or repel the 
north end of the needle, according as the ship is on the 
north or south side of the equator, thereby causing serious 
errors in the compass. Admiral Murray and Captain 
Penrose, whilst cruising off the Nap of Norway, observed a 
point difference in the direction of the compass when the 
ship’s head was toward or turned from the land.* 

In 1801 and 1802, this important inquiry received fresh 
impulse from Captain Flinders, who, in the course of his 
voyage of survey to New Holland, also observed differences 
in the magnetic needle, when no other cause was apparent 
than that of a difference of direction in the ship’s head. 
When the ship’s head was north or south, the needle was 
not influenced, but when east or west the difference in the 
direction of the compass was considerable. Captain Flin- 
ders conceives the magnetic force of the ship’s iron to be 
concentrated into something like a focal point, nearly in 
the centre of the ship, having the polarity of the hemisphere 
in which the ship is placed.*)" 

These important facts were, however, again lost sight of, 
until Mr. Bains, master R.N., published in 1817 a valuable 
little treatise on the variation of the compass ; soon after 
which, in 1819, Professor Barlow undertook his capital course 
of experiments (234), with a view of computing and correcting 
this source of error. The question of local attraction since 
this period has received abundant and important verification 
from the labours of our celebrated navigators, Ross, Scoresby, 
Parry, Franklin, Fitzroy, King, and many others. 

305. The errors liable to arise in the reckoning of a ship’s 
course, may, from the local attraction of the ship, be of very 
serious amount. Let, for example, a , Fig. 143, be a vessel 
close-hauled upon the larboard tack, the wind being true 

* Walker on Magnetism : London, 1794. 

f Phil. Trans, lor 1805. 
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Fig. 143. 



north in the direction ifc* Then, since she sails within six 
points of the wind, her head will be true E.N.E., so that her 
course, without any other consideration, would be upon the 
line c c. Supposing, however, that with the ship’s head in 

* In all square sails set upon a cross- 
yard, pointed to the wind, as represented in 
the annexed Fig. 144, the rope t which con- 
fines the angle of the foot of the sail to wind- 
ward is called the tack ; and the rope s, which 
holds in the opposite angle to leeward, is called 
the sheet ; these terms apply to either rope, 
according as they become placed on the one 
side or the other in respect of the wind, 
extremity b of the yard, as looking forward from the stern, is 
pointed to the wind, the vessel is said to have the right hand of star- 
board tacks on board, or to be on the starboard tack ; when the oppo- 
site or left extremity a is pointed to the wind, she is said to have the left- 
hand or larboard tacks on board, or to be on the larboard tack, now called 
the port tack. The angle which the axial line of the ship makes with the 
direction of the wind, so that the yard, when trimmed to the wind, may 
cause the sail to remain full and without shake, and propel the ship, 
is reckoned in points of the compass, and thus a square-rigged vessel 
is said to be close-hauled when the axial line of the ship is brought within 
6 points of the wind. Cutters with fore and aft sails may be made tg 
sail within 4£ points of the wind, and even less. 


Fig. 144. 



When the right-hand 
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this direction the local attraction causes the north pole n of 
the compass to deviate half a point west, and come into the 
line n c ; then the true direction E.N.E. will read on the 
card as E.N.E. | E., for the E. point will then come 
up half a point, and the card will be canted into the 
position n c e* In laying off the 4 course, therefore, on 
a chart, for the ship’s place, she would be reckoned as 
sailing on the line c m ; and instead of having alter a given 
time arrived at the point c, she would be set down as being, 
say at m. Suppose the vessel be now put on the opposite or 
starboard tack ; then, being again trimmed within 6 points 
of the wind, her head would be really W.N.W. and she sails 
on the line cp. Suppose, however, that in this direction of 
the ship’s head, the local attraction now turns the compass 
needle half a point the other way, that is, eastward ; which it 
may ; and the card is canted into position n c w , then the true 
direction W.N.W. would read on the card W.N.W. ^ W., 
since the west point would come up in a point ;* and 
she would, in keeping the reckoning by compass, be 
taken as sailing in direction c t ; which, laid off from the 
point m , where the ship was supposed to have been tacked, 
would make her supposed course m q ; so that, after a second 
given period of time, the rate of sailing being observed, she 
would be supposed to have arrived at some point q, whereas 
she would actually be at some point much further northward, 
for example, at some point p. Now, if so great a difference 
may arise upon a comparatively small difference of half a 
point of the compass, how great must be the error when the 
deviation becomes four times that amount ! It is therefore 
not at all surprising that very melancholy cases of ship- 
wreck should have so frequently arisen, without any 
apparent neglect on the part of the officers of the 
ship. On the 26th of March, 1803, H.M.’s ship Apollo , 
with a convoy of seventy merchant vessels, sailed out of 
Cork, and at 3 a.m. on the 2nd of April following, the 
trigate and forty sail of the convoy found themselves on 
* See (312) Fig. 147, p. 1G9, as applicable to this. 
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shore on the coast of Portugal, believing at the time they 
were 180 miles westward of it. The consequence was a 
most afflicting shipwreck. Another most remarkable in- 
stance is to be found in the wreck of H.M.’s frigate Thetis , 
which sailed from Bio the 4th of December, 1830, having on 
board a million of dollars. The ship’s head being south- 
east by compass, they stood on until the next morning, 
thinking themselves clear of the land, and the wind coming 
free, they tacked, and set studding-sails. All at once, after 
a favourable rim, they found the ship against the perpendi- 
cular cliff of Cape Frio, the ship running at nine knots. She 
went stem on to the rock in deep water ; of course the 
bowsprit and all the masts were carried overboard, and the 
ship became a total wreck. 

30G. The greatest amount of disturbance hitherto observed 
in vessels built of wood, does not appear in certain positions 
to haVe far exceeded 20°, or about two points, still a very 
serious error in the course of a ship. In iron vessels, how- 
ever, the disturbance may be so great as to render the 
compass next to useless. In the steam-ship Shanghai * 
driven by a screw propeller, the deviation, with the ship’s 
head south, as observed by Lilley, amounted in the binnacle 
compass to 171° 34' W., being more than fifteen points. 

It is very difficult to determine all the different arrange- 
ments in polarity incidental to the iron of a ship, especially 
in ships of war and iron-built ships, since evory piece of 
iron in the ship may become magnetic by induction (191), 
the poles varying as the ship turns into new directions, and 
changing altogether with the latitude north or south of the 
equator. The disturbing effect on the compass also will be 
different under different angles of inclination, as was com- 
pletely shown by Captain Walker, B.N., in a valuable set of 
experiments on the Recruit , an iron brig. We have hence 
a very intricate problem to solve. Fig. 145 represents the 
distortion of the compass in the Indus , that is to say, the 


* Belonging to the Peninsular and Oriental Company. 
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Fig. 145. 



direction of the points requisite 
figure the position of the regular 
outer circle. 

307. Methods of determining t. 
tion . — To ascertain the dis- 
turbing effect of local attrac- 
tion on the compass, the ship 
must be placed in smooth 
water in a slack tide, or in a 
basin, and must be so cir- 
cumstanced as to admit of 
being gradually swung and 
secured in any direction on 
the 32 points of the com- 
pass by means of warps, 
mooring buoys, or anchors, as 
indicated in the annexed 
Fig. 146. The vessel being 
thus circumstanced, a very 


to a true course. In this 
points is indicated on the 

\e Tiffed of Local Attrac - 
Fig. 146. 
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distant object p is to be selected, and its bearing taken 
from a convenient station t, on shore, not liable to any 
magnetic disturbance. This bearing should be taken 
with a fine azimuth compass, to be employed as a standard 
compass of observation, and fixed in a given place on 
board the ship. Suppose the bearing of the distant 
object p at the station t were N. 35° E. : having de- 
termined this, we substitute for the compass a theo- 
dolite, or the azimuth circle, and adjust it so that 
the distant object shall read off exactly the same bearing, 
!N". 35° E. The compass is now transferred to the ship, 
and set upon a firm pillar, in the midship line of the quarter- 
deck, say at the point c : an observer now takes the bearing of 
the pillar t on shore, at the same instant that an observer 
at T on shore takes the bearing of the pillar c on board, which 
is done by signal. If the ship does not influence the com- 
pass, then it is clear that these reverse bearings will coincide 
in the same line. Thus, if the pillar t bore due east from 
the ship, the pillar c would be due west from the shore. If 
this coincidence be not obtained, the difference is the local 
attraction of the ship. If, for example, whilst the pillar c 
on board bore due west from the shore, the pillar t boro 
from the ship east £ north, that is E. 5° 37' 30" N., then 
the local attraction of the ship directed in the position in 
which she happened to be placed, would have been such as 
to have drawn the north pole of the needle 5° 37' 30" towards 
the east, and this w r ould be the local attraction for that posi- 
tion of the ship. In this way, by bringing the ship’s head 
successively upon each of the 32 rhumbs, and taking what 
are called cross bearings, we determine the local attraction 
or disturbance of the compass for each point of direction. 
This was the method first pursued by Professor Barlow, and 
it is perhaps as perfect as any. 

308. The present method pursued in determining the local 
attraction of H.M.’s ships is somewhat different from this. 
The bearing of some very distant object d , Eig. 146, is first 
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determined by the standard compass c from the ship’s deck, 
and for the ship’s head directed upon each point of the 
compass ; the compass is now taken on shore to some con- 
venient spot n, and the same distant point d brought to 
coincide with the observer’s eye and the pillar c, from which 
this bearing was taken on board, the ship being again 
swung successively upon the 32 points of the compass. If 
the ship had not disturbed the compass, the bearings should 
coincide in the line ncd; if not, the difference upon each 
point is the local attraction. If the object d be very distant, 
the bearings may be simply taken from the tw r o stations c 
and n , without including the ship, and the difference set 
down as the local attraction without any sensible error. 

309. Mr. R. Stebbing, of Southampton, has lately invented 
an extremely available and very valuable method of determin- 
ing the local attraction of a ship, by which much labour is 
avoided, and time saved. A centre staff t, Pig. 146, with a 
flag on it, is set up on some chosen place on shore, and a 
segment h of the magnetic circle h , of about 100 feet radius, 
described from this point as a centre, long poles are then 
set up on this segment at each 5°, and other intermediate 
shorter poles on each single degree. The line t N of the mag- 
netic meridian being carefully determined, the true bearing 
of the centre staff t, and its intersection with either of the 
poles of the segment A, are given ; with a view to an easy 
distinction, the poles are either coloured differently, or carry 
small distinguishing flags. The observer on board at c has 
now only to take notice what degree the centre staff t cuts 
upon the circle h beyond it, and that is the true bearing ; 
the difference as observed by the compass is the local 
attraction. 

310. Means of Correcting Local Attraction . — The means 

of correcting the compass for local attraction, at present 
resorted to, are of the following kind : — 1°. By determining 
a table of errors. 2°. By a compass card distorted so as to 
suit the particular ship (306). 3°. By the introduction of 
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new forces of disturbance, sucb as will either make known 
or compensate the disturbing force of the ship. 

311. Correction by a Table of Errors . — This method of 
correction is evidently the first, as it is perhaps the safest, 
measure we can adopt, and is in all cases indispensable. 
The ship being swung in the way just described (307), the 
deviations corresponding to the direction of the ship’s head 
arc entered in columns of a table opposite each point of the 
compass, and the correction in steering a particular course 
applied. Suppose we required to make good a due E.N.E. 
course, and that with the ship’s head in that direction, the 
table informs us that the north pole of the needle is drawn 
by the local attraction of the ship 5° 37' toward the west, 
our course then must be E.N.E. £ East nearly, for that would 
in fact be the direction shown by the card when the ship’s 
head was in that direction (305). 

312. In effecting a corrected course practically by a table 
of errors, it will be useful to possess what maybe termed an 
indicator, by which the course to be steered by the standard 
compass, in order to make good any required true magnetic 
course, may be found mechanically by inspection. 

This useful instrument may 
consist of a neat plane of 
wood Eig. 147, about ten 
inches square, covered with 
fine paper, and having the 
thirty-two rhumb-lines laid 
off on it, as given in the 
figure ; a moveable compass- 
card nesw is centrally placed 
on the board, so as to revolve 
round a central pin c. Now it 
is clear, that taking the fixed 
magnetic lines as the true lines, we may, by bringing any 
deviation for the north pole n of the card to either of these 
given fixed lines, immediately determine the course by the 

Q 


Fig. 147. 
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standard compass, corresponding to tlie given course. Sup- 
pose, for example, we required to effect a N.E. course, and 
that in turning to our table of errors we found that with the 
ship’s head in that direction there was an error of a point in 
easterly deviation of the compass. In such case place the 
north pole n of the card so as to correspond with the N. by E. 
fixed magnetic line, that is to say, move it eastward 11° 15' ; 
this would then be the actual direction of the card of our 
standard compass in respect of the true magnetic lines, with 
the ship’s head at N.E., and would hence bring the N.E. 
by N. point of the moveable card upon the fixed N.E. line, 
which shows, that to effect a true magnetic N.E. course, 
we must steer N.E. by N. by the standard compass. 

"We may, in a similar way, find the actual direction of the 
ship’s head corresponding to a given course by the standard 
compass. Suppose, for example, the course by standard com- 
pass was N.N.W., and that with the ship’s head in that direc- 
tion, the needle deviated half a point West, set the moveable 
card to the deviation by turning the north pole n to the left 
hand, half a point, which will bring the N.N.W. line of the 
moveable card to N.N.W. | W. of the fixed chart, which 
will be the actual direction of the ship’s head when 
steering N.N.W. by the standard compass. These are 
selected as illustrations of more complicated cases. 

313. Correction hy Distorted Card. — The ship being 
swung upon the different points of the compass, a card is 
marked off, such as on trial will correspond with the true 
magnetic direction of the ship’s head, as shown (306) in 
Pig. 145, and by which the ship is to be steered. This 
method has been found very available and satisfactory, the 
objections are, that the irregular distances of the points 
of the compass confuse the helmsman, especially in 
steering 1 and £ points, and that it is almost impossible 
to take an accurate bearing with such a card. Captain 
Sparkes, however, who has lately obtained a patent for a 
card of this kind, has ingeniously applied a divided circle to 
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the verge of the compass, by which, when set to the course 
steered, any bearing may be taken. The idea of a corrected 
card appears to have been also suggested by Captain Milne, 
R.N., in an interesting paper on the subject of local attrac- 
tion so long since as the year 1832. 

314. Correction by Compensating Disturbing Forces — 
Barlow's Plate . — We are indebted to Professor Barlow for 
the first attempt ever made to correct the local attraction of 
a ship by a mass of iron placed in the vicinity of the com- 
pass, so as to introduce into the system a new disturbing force, 
which, acting at a given point, would produce the same effect 
on the needle as that of the iron of the vessel. Tn order to 
understand clearly this kind of correction, we must observe, 
that all the laws which Professor Barlow had determined in 
his researches concerning the operation of regular masses of 
iron on the needle (231), he found to obtain for irregular 
masses, whether as a system under the form of detached 
masses, as in a ship, or under any irregular form. In all 
cases a close approximation to the action of the system on 
the needle is arrived at, on the supposition that the force 
proceeds from two centres indefinitely near each other 
in the general centre of attraction of the mass, and that 
in iron bodies the magnetic force is confined to their 
surface. 

Prom the first of these principles, confirmed by subse- 
quent experiment, we may infer that the centre of action of 
all the iron of a ship, and the ideal line joining this centre 
with the centre of the needle, would be constant in all parts 
of the world ; by the second we infer that a mere plate of 
iron may be so placed in this line as to produce an action 
on the needle equal to that of the ship ; so that the disturb- 
ance produced by the plate being found experimentally, the 
disturbance due to the ship would be known. This principle 
was first employed by Professor Barlow in the following 
way : — The deviations of the compass being determined as 
before (307), the compass is taken on shore to a given 
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station t, Fig. 146, and there placed on a cubical box 
or case g, Fig. 148, moveable on a ver- 
tical axis into any azimuth (149). A cir- Fig. 148. 
cular double disc of iron p, composed of JggL 
two thin plates of iron, fixed parallel to Mp" ‘ 
each other on an horizontal axis p, with in- IS’ 
tervening wood, and termed a compensator HI m .. { w, 
or correcting plate, is then applied at some HL»- ^ 
point determinable by experiment at the 
side of the case, so as to project from it, 
and at some given distance in respect of the 
compass ; the whole is now swung into various azimuths, 
and the disturbance of the plate p observed in each, 
as before done in respect of the ship ; by a very few trials, 
such a position of the plate can be found as will cause it 
to produce precisely the same disturbances as those observed 
in the ship. The plate being capable of adjustment on the 
axis p as to distance horizontally, and on the case a as to 
height vertically, the position of the centre of the plate p is 
now carefully marked, and the compass replaced in the ship. 
If the plate be now applied as before, then, as is evident, the 
amount of disturbance will be twice as great; since the 
compass will not only deviate by the action of the ship, but 
also by the action of the plate. It is this double disturb- 
ance, however, which furnishes the required correction, 
because the new disturbance caused by the plate is exactly 
equal to the existing disturbance of the local attraction. 
Thus supposing the ship’s head being N.E., the variation 
(149) as taken with the azimuth compass to be, without the 
plate, 22° 80' West, and taken with the plate 29° 27' West, 
then tho difference 6° 57' West is due to the plate ; but this, 
as we have seen, is exactly equal to the iron of the ship. 
We must, therefore, to obtain the true variation, apply this 
correction to our first observation, which will make it 
15° 33' West ; and to make a true N.E. course by the com- 
pass, we must Bteer N.E. E., that is N.E. 6° 57' E. ; the 
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quantity by which the iron of the ship has drawn the north 
pole of the needle west, as shown by the plate. 

315. Balance of Errors by Bcurlow'% Elate . — Since 
the correcting plate p, Fig. 148, can double the dis- 
turbance when placed in a given position in respect of 
the compass, we may infer that, by changing its position, 
an opposite point may be found in which the plate would 
exactly balance the local attraction by a disturbance in an 
opposite direction ; and such is found to be the case, or at 
least approximately. In applying the plate to the standard 
compass, either with this or the preceding view, the several 
bearings for each point (307) must be examined, when 
two opposite points will be commonly found in which the 
bearings nearly coincide, the mean of these must be taken 
as indicating a line of neutrality in the ship ; the direction 
of the line must he noted, and in some point of this line the 
compensator must be ultimately fixed. To determine its 
exact position, Professor Barlow has drawn up a general 
table of local attractions comprising all possible limits of dis- 
turbance for every class of sailing ship in the royal navy built 
of wood, in which are found the limits of disturbance appli- 
cable to the given vessel; opposite these limits are tw r o 
numbers, one representing the distance of the centre of the 
plate below the pivot of the needV, and the other its dis- 
tance from the plumb-line or vertical passing through the 
pivot of the needle. At this depth and distance in the line 
of no attraction, and abaft the compass, the compensator 
w r ill balance all the disturbance arising from the iron of the 
ship, so that on swinging the ship (307) the needle will be 
found without error. 

316. This method of correcting the compass for local 
attraction, if not absolutely perfect, has proved eminently 
successful in practice; and why it has been discontinued 
in the royal navy, without further investigation, it is 
difficult to say : its great importance may be inferred 
from the annexed diagram, Fig. 149, which represents 

Q 2 
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the true and calculated courses 
of H.M.’s ship Griper , be- 
tween the 25th and 26th May, 

1823, as laid off from the ship’s 
log. In this diagram, N de- 
notes the ship’s place at noon 
by astronomical observation, 

25th May ; and n , the place of 
the ship at noon, also by astro- 
nomical observation on the next 
day, 26th May. According to 
her calculated place by the un- 
corrected compass, she would 
have been found at a, but by 
the compensated compass at b, 
very near her true place, making a difference of 35 miles of 
latitude, sufficient to have shipwrecked the vessel (305) . 

317. Correction by Magnets . — Some important practical 
observationshaving in 1835 been made by Captain Johnson 
on an iron steam-ship, the Garry Owen , from which it ap- 
peared that the ship operated upon a compass-needle placed 
outside the ship, after the manner of a permanent magnet, 
the Astronomer Hoyal, Professor Airy, was led, in July, 1838, 
to undertake an extensive experimental and analytical in- 
vestigation of the whole subject, witli a view to discover 
sucli general laws of the magnetic disturbance in iron ships 
as would enable him to correct the local attraction. This 
line physical and mathematical inquiry will be found in the 
Transactions of the lioyal Society for 1839. It would be 
impossible, however, within the limits of so unpretending a 
work as this, to do full justice to Professor Airy’s capital 
paper ; we can only hope, therefore, to treat it in such a 
general way as may apply to the question before us. 

Whatever be the number or direction of the magnetic 
bodies in a ship, the effects on the compass may be resolved 
into three forces, — one directed to the ship’s head, one 
tow T ard the starboard side, and one directed downw ard verti- 


Fig. 149. 




INVESTIGATIONS OF THE ASTBONOMER ROYAL. 175 


cally. If we represent the effects which depend solely on 
the arrangement of the ship’s iron by two constants p and N 
(that is to say, forces which do not change, and which may 
here be determined, and which become the multipliers or 
coefficients of certain unknown quantities) the one, p, 
being a coefficient upon which the force transverse to 
the keel depends, and the other, n, a coefficient upon 
which an induced force, similar to that of permanent mag- 
netism, depends; and if the arrangement of the iron be 
symmetrical with respect to the keel, and the compass 
placed in the middle of the breadth, then taking the devia- 
tion of the north end of the needle in an east direction, it may 
be represented by p x sin. 2 a -f N x tang, c x sin. a ; in 
which A is the azimuth of the ship’s head reckoned eastward, 
and o =.thc dip. Should the general mass of the iron be at 
the same height as the compass, or should different masses 
of equal magnitudes constituting the iron of the ship have 
equal elevations and depressions in opposite azimuths, then 
the constant n will vanish. The constant P will vanish when 
the general mass of the iron is below the compass, or when 
equal masses are 90° distant, as seen from the compass. 

In the application of Barlow’s plate, Professor Airy con- 
ceives that it only neutralizes the term dependent on n, but 
not that dependent on r. To obta : n a perfect compensation, 
we must place another plate at the elevation of the compass 
in an azimuth of 90°, either to the right or the left of the 
first plate as commonly applied ; in this case p will be also 
compensated. 

Besides these coefficients p and N, we have a third also to 
consider as depending on the absolute diminution of the 
directive force in a north and south line, and which w e may 
call M ; this term is greatest when the iron mass is above or 
below the compass, and least when at the level of the 
compass. 

The forces to be considered, according to the results of 
his inquiry, estimated by their action on the north pole of 
the needle, are four ; viz. the force of terrestrial magnetism 
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towards 'the north == unity ; permanent magnetism in direc- 
tion of the ship’s head ; permanent magnetism to starboard 
side ; induced magnetism to the starboard side. This last 
force may be resolved into induced magnetism toward the 
north, represented by — m -f p x cos. a ; and induced mag- 
netism toward the east, represented by p x sin. 2 a.* By 
far the most considerable of the disturbing forces are those 
dependent on permanent magnetism : these were not found 
to change in whatever position the ship was swung. The 
induced forces appear to be comparatively small. 

The horizontal intensity in the ship directed in the line 
of the compass, as also the terrestrial intensity on shore 
taken = 1, is determined by the needle of oscillation (254) ; 
the ship being swung into different positions. 

Professor Aiiy having brought the various forces of dis- 
turbance under the dominion of theory and calculation, 
proceeds to destroy them by the introduction of other and 
opposite disturbing forces. 

The longitudinal and transverse forces may be corrected 
by the action of a single magnet placed at a given distance 
below the compass, with its poles so directed as to draw the 
north end of the needle toward the ship’s head and starboard 
side ; or otherwise by two distinct magnets, which is much 
more convenient. The induced force toward the east, or 
p x sin. 2 A, may be corrected by placing a mass of iron on 
a level with the compass, either on the starboard or port 
side : with these correctors duly applied, the compass was 
found free of disturbance. 

The only chance of error in this correction is the un- 
certain value of the induced force n, and its variable 
character in different latitudes ; there is, however, every 
reason to suppose that it is extremely small, and may, in 

* The induced force we have called n is omitted here, being intricately 
combined with the permanent magnetism in the direction of the ship's 
head ; the force m also, not producing any effect in an east and west direc- 
tion, is omitted. 
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certain dispositions of the iron of the ship, vanish altogether, 
so that the correction for one latitude may, without sensible 
error, be used in all latitudes. 

The correction of the compass then, in iron ships, be- 
comes reduced to the compensation of force of permanent 
magnetism toward the head ; of permanent magnetism to- 
ward the starboard side ; and the term depending on p, the 
effect of which in an easterly direction is represented by 
p x sin. 2 a ; omitting n as being small, and M because it 
does not disturb the compass. 

318. The practical method of effecting these corrections is 
to swing the ship as before upon the cardinal points, then, by 
means of two magnets and a mass of iron, to correct the 
disturbances. The magnets are placed by trial upon some 
point in one of two lines carefully determined, one pa- 
rallel to the keel, the other at right angles to the keel; 
these lines are either traced on the deck, or on the ceiling 
below the deck timbers. If the ship’s head be north or south, 
and the transverse magnet be shifted by trial until the com- 
pass points correctly, it will be certain then that the force to 
or from the starboard side is compensated. Similarly, if the 
ship be swmng east or west, the longitudinal magnet is 
shifted until the compass again points correctly ; the force 
to or from the head is now r compensated. To correct the 
force represented by p x sin. 2 a, the ship must be swung 
into the intermediate points N.E., N.W., &c., and the com- 
pass made to point correctly by means of a mass of iron ; an 
iron chain, for example, placed by trial, either on the port 
or starboard side. 

As it is requisite in this operation to correct the compass 
simultaneously with the observation of the deviation, the 
very ingenious method pursued by Mr. Stebbing, of South- 
ampton (309), is of the greatest value in this case. 

Some vessels are more easily managed than others. The 
compasses in one vessel may require a single magnet only ; 
others require two, with the addition of a box of iron chain. 
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The Mipon has two magnets and chain for each compass. 
The Pottinger had a single magnet only, aided by a chain. 
The Ariel's compass was corrected by one magnet only, 
without any auxiliary aid.* 

319. Many objections have been raised, as may be easily 
imagined, to these methods of compensating the forces, dis- 
turbing the compass by the introduction of other disturbing 
forces, such as the liability of the relations of the magnetic 
forces to change with change of place and with time ; the 
influence of changes of temperature on the correcting mag- 
nets, as also the liability of the magnets themselves to vary 
in power, such objections are of course inseparable from 
this kind of investigation, and we can only determine their 
validity by experience. So far as experience extends, it 
cannot be denied, but that the compass as corrected in 
iron ships by Professor Airy’s method, has, upon the 
whole, acted remarkably well. The commanders of the iron 
ships Sultan , Pottinger , Harbinger , and many other large 
steam-ships, report most favourably of the efficiency of 
their compasses thus corrected. The latter vessel, cor- 
rected by Lilley, has been in a southern latitude, with- 
out finding any material change in the balance of the 
forces. We cannot certainly consider the question to be 
so definitely determined as to render all further observation 
unnecessary; it is very important, as stated by Professor 
Airy, to subject the vessel from time to time to further 
examination, and carefully note all the changes which are 
liable to occur. There is little doubt but that compasses 
corrected by permanent magnets are affected by time and 
by geographical position, but still not to such an extent as is 
likely to lead to any very sensible error, or an error which 
may not be provided against. Some very interesting re- 
marks by Mr. J. It. Stebbing, on this important question, 
will be found in the “ Artizan” for August, 1850. Mr. 
Stebbing conceives that “ the practical difficulty of correct- 

* “ Artizan” for August, 1850. • 
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ing compasses for iron ships is overcome, and that such 
ships are as safely navigable as ships built of wood.” 
Messrs. Lilley also, who have corrected the compasses of 
more than fifty iron ships by permanent magnets, and by 
a method of observation of their own not generally known, 
also report confidently on the efficiency and safety of the 
principle deduced by the Astronomer Royal. 

Ships, however, destined for long voyages, should still 
depend materially on a table of errors (311), registered for a 
standard compass, whatever other method of correction of 
the compass be resorted to : — corrected cards (313) are de- 
cidedly useful, especially in iron ships, and may be empk^cd 
with advantage in conjunction with other means to determine 
the true magnetic course. 

320. The following are a few important facts as deduced 
by Mr. Stebbing, from his experience of iron ships : — 

1. A compass may be very true on one or several points, 
and greatly disturbed on others. 2. The errors in one ship 
are no guide to the errors of another. 3. The errors are 
least toward the middle of the vessel. 4. Every iron ship is 
a magnet in itself: some have the north pole aft, and some the 
south. The magnetic axis is frequently determined diagonally 
through the ship. 5. There are in all iron ships two points, 
either opposite or nearly so, at w Inch there is no error ; 
there are other two points where the error is the greatest. 
An error will not sometimes alter 3 degrees in a range of 
5 points, and then change 30 degrees in the next 5 points. 
6. The deviation is always an accumulating error or the 
reverse : it runs, 1, 3, 7, 12, 17, 2G, 30, 32, 33, 31, 28, 24, 
20, 17, 13, 9, 6, 3, 0 ; but never, for example, thus — 3, 7, 4, 
10, 8, <fcc. 

321. We must not dismiss this most important subject 
without a brief notice of an ingenious compass by Mr. St. 
John, of Buffalo, United States of America, and which was 
rewarded with a medal at the late Great Exhibition : the 
object of the arrangement is to indicate the amount of 
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local attraction, and the deviation of the compass actu- 
ally present at any moment. This invention is shown 
in Fig. 150, in which n e s w represent the suspended 
card and needle : n s, til s', are two short slender needles, 
delicately set up on vertical axes and attached to the 
compass-card, one on each side of the centre of the great 
needle ; and on the east and west line, these small needles, 
termed satellites, carry fine indexes i, i\ made of reed, 
centrally fixed to them and at right angles to their direc- 
tion, so as to indicate on graduated arcs i, i', any deflection 
to which they are subject. Supposing the compass to 
be in the true magnetic meridian, 
the three needles will be parallel, 
but the small needles will stand 
with their poles n s, ri s', re- 
verse to the poles s, N, of the 
large needle (14, 31). If under 
these circumstances the compass- 
needle N s deviate from the true 
meridian, then the position of the 
small needles n s, n' s', will vary 
from parallelism, and indicate on 
their respective arcs i, i', the amount of deflection to which 
the compass is subject ; at least this is the conclusion arrived 
at by the inventor. The notion is extremely ingenious, and 
the contrivance as a mechanical arrangement very elegant : 
it requires, however, much further investigation before the 
principle can be considered as being perfectly available. 



CONCLUSION. 

322. ¥e have now gone through, in as comprehensive a 
way as the limits of our work will permit, all the great 
leading facts of ordinary magnetism, theoretically and prac- 
tically considered, and have at the same time entered upon 
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the several important physical questions to which they have 
reference ; we have now merely to advert in conclusion to 
some of the more recent applications of this branch of 
science in furthering the progress of civilization, or in con- 
tributing to the wants of mankind. 

323. The next great practical application of magnetism, 
after the mariners’ compass, is the auxiliary means it has 
afforded in the construction of the electrical telegraph, 
and without which that wonderful contrivance could never 
have been made so perfect as it now is. For although 
the electrical current is the great element by which the 
transmission of thought is effected between persons sepa- 
rated by almost any amount of distance, yet it is by the 
varying motions and positions of the magnetic needle, ever 
obedient to the wire affected by the current action (40), 
that we owe the interpretation of the ideas or thoughts, 
concealed and conveyed as it were through the wire. Having 
already explained in our volume on electricity* the general 
telegraphic agency of the electrical current, and the means 
afforded to its transmission through wires continued through 
various points of space, we shall limit ourselves here to a 
notice of the more immediate part of this wonderful con- 
trivance so far as it depends on common magnets, the various 
motions of which constitute, as it were, the language of the 
instrument. 

324. It will be immediately seen by reference to the phe- 
nomena of electrical wires and magnetic needles, already 
explained (40, 41, 46), that one or more needles, finely set 
upon an axis, either vertically or horizontally, may be caused 
to assume various positions, and may be deflected any number 
of times successively, either to the right hand or to the left, 
and almost at any point of distance from the source of power, 
provided the means of communication of the current be 
afforded ; and thus we have an interpretation of events at 

* Rudimentary Electricity, second edition, p. 191. 

It 
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hand, according to any preconcerted code of signals. We 
hay© likewise seen (53) that by making or breaking contact 
with a voltaic circle, a piece of soft iron may be vigor- 
ously attracted toward the poles of an electric magnet, 
or be again easily separated from it. We have here then 
a further source of motive power at a distance, by which 
machinery may be set in motion, alarms sounded by means of 
bells, and other audible signals effected. When a single 
needle is employed, the code is termed the single-needle code. 
The arrangement consists of a magnetic needle, or set of 
needles, a , Tig. 152, enclosed within a galvanometer coil 
(46), and set on an axis ; the axis projects horizontally, and 
carries a vertical index-needle, b , Fig. 151. 

in front of a silvered brass dial ; 
the alphabet is engraved on the 
dial, right and left of the index- 
needle, as in the annexed Tig. 

151. 

Tig. 152 represents the position 
of the galvanometer coil and 
needle a behind the plate, with 
the axis and needle l in front of 
the plate. The two needles are 
placed with poles reverse to each other (29), and both are 
more or less acted on by the coil. In order to give the 
system a tendency to the vertical position, a 
slight preponderance in weight is given to the l 52 * 
lower extremities of the needles. The extent of 
deflection is limited by pins fixed on the dial. 

325. The letters are indicated by successive 
deflections, or beats of the needle, communicated J 
by the current from a distance to the galvano- 
meter arrangement behind the plate and in given 
directions ; thus the letter l is indicated by 
four successive deflections, right, left, right, left. The last 
beat is always the end of the word, and is a left-hand beat. 
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326. In the double-needle code two galvanometers are em- 
ployed, and two index-needles placed parallel to each other ; 
the double-needle code gives, of course, increased facility, as 
admitting of a greater number of combinations. In this 
arrangement two galvanometers (46), with their re- 
spective needles, stand side by side ; one is called the left 
needle, the other the right needle. Now we may either 
deflect the right needle or the left, or both at one time, 
causing their upper or under points to converge to the same 
letter, and furnishing signals which may easily correspond 
with a given code ; thus, the upper half of the left-hand 
needle twice deflected to the left may be a, three times b, 
once to the right and once to the left c, and so on. In 
order to spell the word hen, for example, a first beat is 
made with the right needle for n, then a second with the 
left needle for e, now a third beat with the right needle 
signifying N ; finally, a fourth beat with left needle, corre- 
sponding to the symbol >J«, signifying the termination of 
the word. In order to render these movements of the 
needles effectual, there are two handles below the dial by 
which the connection with the voltaic battery (40) can be, 
by means of a particular mechanism, rapidly made, so as to 
cause the current to flow in any direction (41). In the 
double-needle arrangement everything is, of course, doubled. 

327. Professor Wheatstone, to whom we are mainly in- 
debted for the needle apparatus, also contrived a method of 
signalizing the letters themselves. This is effected by a 
circular dial, or disc, set on a central axis, and on which the 
alphabet is engraved, as also the numerals. The circumference 
of this plate, taken edgewise, has a succession of insulat- 
ing and conducting intervals, so that in turning it round we 
effect or break contact with the battery, by means of a 
spring pressing against the surface. Any series of letters 
we choose to make appear at a given opening in a case 
covering the dial will be repeated at a distance by a similar 
dial. This is effected by the temporary magnetizing of soft 
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iron, in making and breaking contact with the battery (53) 
as we turn the disc round to a particular letter. By 
this, as in the motion of the alarm-bell, a motive force is 
obtained at a distance, the mechanism operated on being so 
arranged as to turn by electro-magnetic action, any required 
letter of the distant dial to the opening in its corresponding 
case. Thus, if we signalize at any station the letters 
F I B E, in succession, then the same will successively appear 
upon the opening of the dial at a distant station, say of 100 
miles. This species of telegraph has been termed the me- 
chanical telegraph, in opposition to the former, which has 
been termed the needle-telegraph, and which is that com- 
monly employed in this country. 

328. Although to an observer the manipulation in working 
the telegraph dials may appear complex and perfectly incom- 
prehensible, and the delivery of a message at the rate of 
eighteen words per minute from a hundred miles distant 
quite marvellous, yet the practice of the operations is very 
soon acquired by the clerks engaged in this department 
of our railways; indeed, after great experience, the mani- 
pulator can work with a blank dial ; and the particular 
clerk employed at the distant station to transmit the 
message, may be actually known by his characteristic de- 
flections of the needles right or left. One is firm in his 
signals, another sharp and rapid ; one patient, another 
hasty.* 

329. The application of magnetic influence in determining 
distance through otherwise impermeable matter, or the 
thickness of solid rock or other substance, may be consi- 
dered as another valuable application of ordinary magnetism, 
especially in mining operations. *We are indebted to the 
Iiev. Dr. Scoresby for this method of measuring distance. 

It is evident that since the deviations of a delicate needle, 
by the influence of a magnet placed in the line of its 


* Walker on Telegraphic Manipulation. 



MEASUREMENTS BY MAGNETIC NEEDLE. 185 

centre at right angles to the meridian (134), may be taken 
as a measure of the force of the magnet ; so, conversely, 
the same deviations, under similar conditions of direction, 
must correspond with equality of distance; that is to say, 
supposing the intervening matter to be permeable or trans- 
parent to magnetism. If, therefore, we determine for a 
given magnet and needle a table of deviations corresponding 
with certain distances between the centre of the needle and 
magnetic pole when placed in a given position, we may 
thereby determine the distance at which the magnet is 
operating through solid matter, by observing the deviation 
produced. 

Let, for example, c n m s 
be a mass of solid rock, s N 
the direction of magnetic 
meridian, and that the walls 
of the mass lie in that di- 
rection ; let c be a delicate 
compass, finely divided, and 
placed on one side of the 
rock, and m a magnet placed perpendicular to its centre on 
the other ; the compass-needle will then be deflected a certain 
number of degrees ; from which the distance may be found 
either by the table, or by bringing the magnet round to the 
side of the compass, and finding experimentally the distance 
at which the same amount of deviation will be produced. If 
the intervening rock should lie oblique to the meridian in 
direction s n, and the compass-needle become oblique to the 
walls, we must then deflect it by the influence of an auxiliary 
magnet, so that it may stand parallel to the walls of the 
rock, and then proceed as before. By a careful preparation 
of the apparatus, Dr. Scorcsby has succeeded in measuring 
distances of 126 feet to within a very small fractional 
amount.* 

330. Ordinary magnetism is employed for the separation 
* Edin. New Phil. Journal, April, 1832. 
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and collection of particles of iron, mixed with other finely- 
divided matter, by means of permanent magnets, as also 
to the most important and humane purpose of catching 
up, in a similar way, the destructive dust of steel, which, 
in the grinding of needles, is liable to find its way into 
the eyes and lungs of the workmen, thereby producing 
diseases of a serious character, more especially of the lungs. 

331. Common magnetism is in this way made available in 
a machine for separating from impurities disintegrated par- 
ticles of certain rich ores of iron found in Canada, and which 
average from 60 to 70 per cent, of pure iron. These ores, 
by exposure to the wearing action of the atmosphere, freely 
break up into small grains ; they are then stamped and 
dressed, after which the magnet is used to act on the 
disintegrated particles, and thus separate the iron from its 
gangue. 


THE END. 
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TURiS, BClOTBEji AND Asti 1 , ffOn Hit WfliAi tilM W ilftHr |UHod t 

2 vote., by Edward Law. 2#* 

11. Grammar of the English Language, for use in Schools and for 

Private Instruction, by Hyde Clarke, Esq., D.C.L. . ; . 1a. 

12, IS. Dictionary of the English Language. A new and compressed 

Dictionary of the English Tongue, as Spoken and Written, including 
above 100,000 words, or 50,000 more than In any existing work, 
and including 10,000 additional Meanings of OM Words, 2 vols. 


in 1, by the same . 2t. id . 

14. Grammar of the Greek Language, by H. C. Hamilton . . It. 

15, 10/ Dictionary of the Greek and English Languages, by H. IL 

Hamilton, 2 vote, in 1 2f. 

17, 18. • — English and Greek Languages, 2 vote, in 1, 

by the same 2s. 

19. Grammar of the Latin Language It. 

20, 21. Dictionary of the Latin and English Languages . . .2 a . 

22, 23. English and Latin Languages . . . 2s. 

24. Grammar of the French Language, by Dr. Strauss, late Lecturer 

at Be^ai^on , J s. 

25. Dictionary of the French and English Languages, by A. Elwes 1 a. 

26. English and French Languages, by the same Is. 

27. Grammar of the Italian Language, by the same .... Is. 
20, 29. Dictionary of the Italian, English, and French Languages, 

by the same .Is. 

30, 31. English, Italian, and French Languages 

by the same .Is. 

32, 33. French, Italian, and English Languages, 

by the same Is. 

34. Grammar of the Spanish Language, by the same .... Is. 

35, 36. Dictionary of the Spanish and English Languages, by the 

same . 2r. 

37, 38. English and Spanish Languages, by the 

same 2s. 

39. Grammar of the German Language, by Dr. Strauss . . .Is. 

40. Classical German Reader, from the best Authors, by the same . Is. 

41, 42, 43. Dictionaries of the English, German, and French 

Languages, by N. E. S. A. Hamilton, 3 vote. ..... 3a 
44, 45. Dictionary of the Hebrew and English and English and 
Hebrew Languages, containing all the new Biblical and Rabbinical 
words, 2 vote, (together with the Grammar, which may be had 
separately for Is.), by Dr. Breeslau, Hebrew Professor . 5s. 


SUPPLBBQBVTART TO TUB SERIES* 

Domestic Medicine ; or complete and comprehensive Instructions for Self*ak 
by simple and efficient Means for the Preservation and Restoration c . 
Health ; originally written by M. Raspail, and now fully t ran slated ant 
adapted to the use of the British public. Is. Gd. 
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GREAT EXHIBITION BUILDING. 

The BUILDING erected in HYDE PARK for the 
GREAT EXHIBITION of the WORKS of 
INDUSTRY of ALL NATIONS, 1851: 

Illustrated by 28 large folding Plates, embracing plans, elevations, sections, and 
details, laid down to a large scale from the working drawings of the Contractors, 
Messra. Fox, Henderson, and Co., by Charles Downes, Architect; with a 
scientific description by Charles Cowper, C.E. 

In 4 Parts, royal quarto, now complete, price £1. 10a, 
or m doth boards, lettered, price £1. lit. 6 d. 

*** This work has every measured detail so thoroughly made out as to enable 
the Engineer or Architect to erect a construction of a similar nature, either more 
or less extensive. 


SIR JOHN RENNIE’S WORK 


ON THE 


THEORY, FORMATION, AND CONSTRUCTION 
OF BRITISH AND FOREIGN HARBOURS. 


Copious explanatory text, illustrated by numerous examples, 2 Vols., very neat 
in half-morocco. 

The history of the most ancient maritime nations affords con- 
clusive evidence of the importance which they attached to the 
construction of secure and extensive Harbours, as indispensably 
necessary to the extension of commerce and navigation, and to the 
successful establishment of colonies in distant parts of the globe. 

To this important subject, and more especially with reference to 
the vast extension of our commerce with foreign nations, the atten- 
tion of the British Government has of late years been worthily 
directed; and as this may be reasonably expected to enhance the 
value of any information which may add to our existing stock of 
knowledge in a department of Civil Engineering as yet but imperfectly 
understood, its contribution at the present time may become generally 
useful to the Engineering Profession. 

The Plates are executed by the best mechanical Engravers ; the Views finely 
engraved under the direction of Mr. Pye : all the Engineering Plates have dimen- 
sions, with every explanatory detail for professional use. - 
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In octavo, doth boards, price 9». 

HYDRAULIC FORMULAE, CO-EFFICIENTS, 
AND TABLES, 

For finding the Discharge of Water from Orifices, Notches, Weirs, 
Short Tubes, Diaphragms) Mouth-pieces, Pipes, Drains, Streams, 
and Rivers. 

BY JOHN NEVILLE, 

ARCHITECT AND C.£., MEMBER ROYAL IRISH ACADEMY, MEMBER INST. C. E. 
IRELAND, MEMBER GEOLOGICAL SOC. IRELAND, COUNTY SURVEYOR OF 
LOUTH, AND QF THE COUNTY OF THE TOWN OF DROGHEDA. 

This work contains above 150 different hydraulic formulae (the 
Continental ones reduced to English measures), and the most ex- 
tensive and accurate Tables yet published for finding the mean 
velocity of discharge from triangular, quadrilateral, and circular 
orifices, pipes, and rivers; with experimental results and co- 
efficients; — effects of friction; of the velocity of approach; and of 
curves, bends, contractions, and expansions; — the best form of 
channel; — the drainage effects of long and short weirs, 
and weir-basins; — extent of back-water from weirs; contracted 
channels; — catchment basins; — hydrostatic and hydraulic pres- 
sure; — water-power, &c. 


TREDGOLD ON THE STEAM ENGINE. 

Published in 74 Parts, price 2s. 6d. each, in 4to, illustrated by very numerous 
engravings and wood-cuts, a new and much extended edition, now complete in 
3 vols. bound in 4, in elegant half-morocco, price Nine Guineas and a Half. 

THE STEAM ENGINE, ", 

IN ITS PROGRESSIVE AND PRESENT STATE OF IMPROVEMENT; 

Practically and amply elucidating, in every detail, its modifications 
and applications, its duties and consumption of fuel, with an 
investigation of its principles and the proportions of its parts for 
efficiency and strength ; including examples of British and American 
recently constructed engines, with details, drawn to a large scale. 

The well-known and highly appreciated Treatise, Mr. Tredgold’s 
national Work on the Steam Engine, founded on scientific principles 
and compiled from the practice of the best makers — showing also 
easy rules for construction, and for the calculation of its power in 
all cases — has commanded a most extensive sale in the several 
English editions, and in Translations on the Continent. These 
editions being now out of print, the proprietor has been induced to 
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TABDQQLD 4MC TM 8TXAM ENGINE. 

e^rgB-xad extend the present edition by practical examples of all 
kinds, with the most recent improvements m the construction and 
practical operations of the steam engine both at home and abroad. 

The work is divided into the sections named below* either of 
which may be purchased separately : working engineers will he 
thus enabled to select those portions which more especially apply to 
the objects upon which they may be respectively employed. 

Several scientific men, extensively and practically employed, have 
contributed original and really practical papers of tne utmost utility ; 
by which the value of this extended edition is much increased. A 
copious Index for reference is added. 

Division A. Locomotive Engines, 41 plates and 55 wood-cuts, complete, making 
VoL I. In half-morocco binding, price £2. 12s. 6 d. 

Division B. Marine Engines, British and American, numerous plates and wood- 
cuts, making Vol. II. ; bound in 2 vols. half-morocco, price £3. 13a. 6 d. 

Division C to G. making Vol. III., and completing the work, comprising 
Stationary Engines, Pumping Engines, Engines for Mills, and several examples 
of BoQers employed iu the British Steam Navy; in half-morocco, price 
£3. 13a. 6 d. 

LIST OF PLATES. 


DIVISION A. — LOCOMOTIVE ENGINES. 


Elevation of the 8-wheeled locomotive 
engine and tender, the Iron Duxe, 
on the Great Western Railway. 

Longitudinal section of ditto. 

Plan, ditto. 

Transverse sections, ditto. 

Details of ditto: transverse section 
through working gear, transverse 
section and end view of tender ; plan 
and sec 4 'on of feed-pump; plan and 
elevatit C of hand-pump ; details of 
inside framing, centre axle, driving 
axle-box, regulation-valve, centre- 
beam stay, &c. 

Elevation of Crompton's patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of ditto. 

Elevation of the Pyracmon 6-wheeled 
goods’ engine on the Great Western 
Railway. 

Half-plan of the working gear of ditto. 

Elevation of a portion of the working 
gear of ditto. 

Diagrams, by i. Sewell, L.E., of re- 
sistances per ton of the train ; and 
portion of engines of the class of the 


Great Britain locomotive, includ- 
ing tender, with various loads and at 
various velocities; also of the ad- 
ditional resistance in tbs. per ton of 
the train, when the engine is loaded, 
to be added to the resistance per ton 
of the engine and tender when un- 
loaded. 

Side and front elevation of an express 
carriage engine, introduced on the 
Eastern Counties Railway by James 
Samuel, C. E., Resident Engineer. 

Longitudinal and cross section of ditto. 

Plan of ditto ; with plan and section of 
cylinders, details and sections, piston 
full size. 

Elevation of the outside-eyiinder tank 
engine made by Sharpe Brothers & 
Co., of Manchester, for the Man- 
chester and Birmingham Railway. 

Section of cylinder and other parts, 
and part elevation of ditto. 

Longitudinal section of ditto. 

Plan of ditto. # 

Transverse sections of both ends, with 
sectional parts. 

Mr. Edward Woods' experiments on the 
several sections of old and modern 




NEW? li&F^ Off! WORKS* » 

TRBD60LD 0* TBS STBAtt KNOttW. 


\tX vea <rf Locomotive engine*,— 'vi*. 
lig.l. stroke commences; fig. 2, 
steam-port open ; fig. 3, steam-port 
open ; fig. 4, steam-port open ; fig. 5, 
stroke completed, steam cut off, 
exhaustion commences ; fig. 6, stroke 
commences i fig. 7, steam-port fud 
open ; fig. 8, steam cat off ; fig. 9, 
exhaustion commences; fig. 10, steam 
completed. 

Ditto, drawn and engraved to half-size : 
fig. 1, old valve, -jV-inch lap ; fig. 2, 
f-inch lap ; fig. 3, f-inch lap ; fig. 4, 
|-inch lap, Gray’s patent; fig. 5, 
1-inch lap. 

Elevation of a six-wheeled locomotive 
engine and tender, No. 15, con- 
structed by Messrs. Tayleur, Vulcan 
Foundry, Warrington, for the Cale- 
donian Railway. 

Longitudinal section of ditto. 

Plan of ditto, engine and tender, with 
cylindrical part of boiler removed. 

Elevations of fire-box, section of fire- 
box, section of smoke-box, of ditto. 

Elevations and sectional parts of ditto. 

Sectional parts, half-plan of working 
gear, ditto. 

Elevation of Messrs. Robert Stephenson 


and Co.'s six-wheeled patent ibto* 
motive engine mid tendon* * 

Plan^and details of Sstcphenson’s patent 
engine. 

Section of fire-box, section of stnoke- 

■ box, front and back elevations of the 
same. 

Plan of a six-wheeled engine on. the 
Birmingham and Shrewsbury Rail- 
way, constructed by Messrs. Bury, 
Curds, and Kennedy, Liverpool. 

Longitudinal section of ditto. 

Sectional elevation of the smoke-box, dc 

Sectional elevation of the fire-box of 
ditto. 

Elevation of the locomotive engine and 
tender, Plews, adapted for high 
speeds, constructed by Messrs. R. & 
W. Hawthorn, of Newcastle-upon- 
Tyne, for the York, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This 
section is through the fire-box, boiler, 
and smoke-box, showing the tubes, 
safety-valve, whistles, steam and blast 
pipes, &c. 

Plan of ditto. * 

Plan of the working gear, details, &c. 


Forty -one plate* and fifty -five wood engravings . 


DIVISION B. — MARINE ENGINES, &C. 


Two plates, comprising figures 1, 2, 
and 3, Properties of Steam. 

Plan of H. M. screw steam frigate 
Dauntless, constructed by Robert 
Napier, Esq. 

Longitudinal elevation ,and transverse 
section of ditto. 

Longitudinal section at A B on plan, 
longitudinal section at C D on plan 
of ditto. 

Engines of H. M. steam ship Terrible, 
constructed by Messrs. Maudslay, 
Sons, and Field, on the double- 
cylinder principle. Longitudinal sec- 
tions of engines. 

Transverse section and end view of ditto. 

Transverse section through Wlers of 
ditto. 

Plan of engines, showing also bunkers, 
puddles, &c. 


Oscillating engines of the Peninsular 
and Oriental Company's steam vessel 
Ariel, constructed by John Penn 
and Sons. Longitudinal section. 

Section at engines of ditto. 

Section at boiler of ditto. 

Plan at boiler of ditto. 

Section at air-pump, and at cylinder. 

Annular cylinder engines of the iron 
steam vessels Princess Mart mid 
Princess Maude, constructed by 
Maudslay, Sons, and Field. Longi- 
tudinal section. 

Transverse section at engines of ditto. 

Section at boilers of ditto. 4 

Plan of engines of ditto, showing 
bunkers, paddles, &c. 

Plan of engines of H. M. steam vtaaa l 
Simoom, constructed by James Watt 
& Co-, of London add Soho. 
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Longitudinal section of the Simoom. 

Cross section of ditto. 

Engine of the Red Rons, side view 
end plan. 

Longitudinal section of ditto. 

Cross sections of ditto. 

Sheer draught and plans of vessel 

Plan of the engine of U. M. steam Inga te 
Pimcnix. 

Longitudinal section of engine of ditto. 

Cross section of ditto. 

Engine of the Ruby steam vessel, ele- 
vation and plan. 

Sheer draught and plan of vessel. 

Plan of engine of the Wilberforce, 
Hull and London packet. 

Cross section of ditto and vessel. 

Longitudinal section of engines of ditto. 

Elevation of engines of ditto; 

Engines of the Berenice, Hon. E. I. 
Co.'s steam vessel 

Section of ditto. 

Sheer draught and plan, stern view, 
and body plan of vessel. 

View of the Berenice, whilst at sea. 

Boilers of H. M, ships Hermes, Spit- 
fire, &i|d Firefly. 

Kingston’s valves, as fitted on board 
sea-going vessels for blow-off injec- 
tion, and hand-pump sea valves. 

Boilers of H. M. steam vessel African. 

Morgan’s paddle-wheels, as fitted in 
H.M.S. Medea. 

Side elevation of ditto. 

Plans of upper and lower decks of 
ditto. 

Sheer draught and profile of ditto. 

Morgan and Seaward’s paddle-wheels, 
comparatively. 

Positions of a float of a radiating pad- 
dle-wheel in a vessel in motion, and 
positions of a float of a vertically 
acting wheel in a vessel in motion. 

Cycloidal paddle-wheels. 

Sailing of steamers in five points from 
courses. 

Experimental steaming and sailing of 
the Caledonia, Vanguard, Asia, 
and Medea. 

Engines of H. M. steam ship Meg^ra. 

Engine of the steam boat New World, 


T. F. Secor & Co., Engineers, New 
York. Elevation and section. 

Elevations of cylinder and crank ends. 

Steam cylinders, plans, and sections. 

Details. 

Several sections of details. 

Details and sections. 

Details of parts. 

Plans and sections of condenser* bed- 
plates, air-pump bucket, &c. 

Details and sections, injection valves. 

Details, plan and elevation of beams, 
&c. 

Details, sections of parts, boilers, &c. 
of the steam boat New World. 

Sections, details, and paddles. 

Engines of the U.S. mail steamers Ohio 
and Georgia. Longitudinal section. 

Elevations and cross sections of ditto. 

Details of steam-chests, side-pipes, 
valves, and valve gear of ditto. 

Section of valves, and plan of piston of 
ditto. 

Boilers of ditto, sections of ditto. 

Engine of the U. S. steamer Water- 
Witch. Sectional elevation. 

Steam-chests and cylinders of ditto. 

Boilers, sections, &c. of ditto. 

Boilers of the U.S. steamerPowHATAN. 

Front view and sections of ditto. 

Elevation of the Pittsburg and Cin- 
cinnati American packet Buckeye 
State. 

Bow view, stern view. 

Plan of the Buckeye State. 

Model, &c. of ditto, wheel-house frame, 
cross section at wheel-house, and 
body plan. 

Plan and side elevation of ditto. 

Sheer draught and plan, with the body 
plan, of the U. S. steam frigate 
Saranac. 

Longitudinal section of ditto, cross sec- 
tion. 

Engines of the U. S. steamer Susciue- 

HANNA. 

Elevation of the U. S. Pacific steam 
packet engine. 

Plan of ditto. 

Boilers o( ditto, end views. 

Ditto ditto. 


Eighty -five engravings and fifty-one wood-cuts . 
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TREDGOLD ON THE STEAM ENGINE. 
DIVISION C. TO G., FORMING VOL. III. 


STATIONARY ENGINES, PUMPING 

Side deration of pumping engine, U. S, 
dock, New York 

End elevation of ditto. 

Elevation and lection of the pumps, 
ditto. — 2 plates. 

Boilers of pumping engines, ditto. 

Boilers, Details, &c. of pumping engines, 
ditto. 

Plan of the boilers, ditto. 

Isometrieal projection of a rectangular 
boiler. 

Plan and two sections of a cylindrical 
boiler. 

Brunton's apparatus forfeedingfumace- 
ftres by means of machinery. 

Parts of a high-pressure engine with a 
4 -passaged cock. 

Section of a double-acting condensing 
engine. 

Section of a common atmospheric en- 
gine. 

On the construction of pistons. 

Section of steam pipes and valves. 

Apparatus for opening and closing steam 
passages. 

Parallel motions. — 2 plates. 

Plan and elevation of an atmospheric 
engine. 

Elevation of a single-acting Boulton 
and Watt engine. 

Double-acting engine for raising water. 

Double-acting engine for impelling 
machinery. 

Maudsiay’8 portable condensing engine 
for impelling machinery. 

Indicator for measuring the force of 
steam in the cylinder, and diagrams 
of forms of vessels. 

Section of a steam vessel with its boiler, 
in two partB-~diagrams showing fire- 
places — longitudinal section through 
boiler and fire-places. 

Isometrieal projection of a steam-boat 
engine. 

Plan and section of a steam -boat engine. 

Ten horse-power engine, constructed 
by W. Fairbairn and Co. — 4 plates. 

Forty-five horse-power engine, con- 
structed by W. Fairbairn & Co. — 

3 plates. 

Plan and section of boiler for a 20-horse 


ENGINES, MARINE BOILERS, ftc. 
engine, at the manufactory of Whit* 
worth & Co., Manchester. 

Messrs. Hague’s double-acting cylinder, 
with slides, &c. 

Sixty-five-inch cylinder, erected by 
Maudslay, Sons, and Field, at the 
Chelsea Water-works. — 5 plates. 

Beale’s patented rotary engine. 

Double-story boilers of H.M.S. Devas- 
tation, 400 H. P. 

Refrigerator feed and brine pumps. 

Feed and brine apparatus, as fitted on 
board the West India Royal Mail 
Company’s ships. 

Boilers of H. M. steam sloop Basilisk, 
400 H. P. 

Boilers of the Singapore, 470 H. P., 
Peninsular and Oriental Company. 

Original double-story boilers of the 
Gbjbat Western. 

Telescopic chimney, or sliding funne*, 
of H. M. ship Hydra, 220 H. P. 

Seaward’s patent brine and feed valves. 

Boilers of H. M. mail packet Undine,. 
(Miller, RavenhUl, & Co.) 100. H.P. 

Cross sections of engines of H. M. mail 
packet Undine. 

Longitudinal elevation of ditto. 

Brine-pumps as fitted on board H.M<S.. 
Medea, 220 H. P. (Maudslay, Sons, 
and Field.) 

Boilers of H.M. S. Hydra, 220 H.P. 

Plan of the four boilers, with the sup- 
plementary steam-chests and shut-off 
valves, of the Avenger. 

Boilers of H. M. steam ship Niger, 400 
H. P., fitted by Maudslay, Sons, and 
Field. 

Experimental boiler, Woolwich Yard. 

Boilers of II. M. S. Terrible, 800 H.P. 
(Maudslay, Sons, and Field.) 

Boilers of the Minx and Teaser, 100 
H. P. (transferred to Wasp.) 

Boilers of the Samsjn, 450 H.P. 

Daniel’s pyrometer, full size. 

Boilers of the Desperate, 400 H. P. 
(Maudslay, So as, and Field.) 

Boilers of the Niger (2nd plate). 

Boilers of H.M.S. Basilisk 
plate)- 

Boilers of the Undine. 
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Boiler* of the Royal Mail ateatn ship* 
Asia and Africa, 768 H. P., con- 
structed by R. Napier, Glasgow. 

Longitudinal and midship Sections of 
ditto. , 

Boilers of H.M.S. Lx Hogue, 450 H.P. 
(Seaward & Co.) 

If.M.8. Sidon, 560 H.P. Plan of 
telescope funnel. 

Boilers of H. M. S. Brisk, 250 H. P. 

Copper boilers for H. M. S. Sans- 
pareil, 350 H.P. (James Watt & 
CfcO 

American marine boilers, designed and 
executed by C. W. Copeland, Esq., 
of New York, as fitted on board the 
American packets. 

Midship section of the hull of the steam 
packet Pacific, New York and 
Liverpool line. 

Elevation of pumping engines of the 
New Orleans Water-works, U. S., ar- 
ranged and drawn by E. W. Smith, 
Engineer, constructed at the Allaire 
Works, New York. 

Elevation of pumps and valves, chests, 
gearing, Ac. 

Elevation at steam cylinder end. 

General plan of a turbine water-wheel 
in operation at Lowell, Massachusets, 
TJ.S., by J. 11. Francis, C.E. 

Elevation of ditto. Section of ditto. 

‘Plan of the floats and guide curves, 
ditto. 


Large self-acting surfacing and screw- 
propeller lathe, by Joseph Whitworth 
A Co., Manchester. 

Longitudinal section, shewinKXrrange- 
ment of engine-room for disc engine 
applied to a screw propeller, and 
Bishop's disc engine, by G. A J. 
Rennie, with details. 

Arrangement of engine-room forenginei ' 
of 60 horse-power, for driving pro- 
pellers of H. M. steam vessels Rxt- 
nard and Cruiser, constructed by 
Messrs. Rennie. Longitudinal sec- 
tion and engine-room. 

Ditto. Transverse section at boilers 
and at engines. 

Very elaborate diagrams showing ex- 
periments and results of various pad- 
dle-wheels. — 8 plates. 

Steam flour-mills at Smyrna, con- 
structed by Messrs. Joyce A Co. 
Double cylinder pendulous condens- 
ing engine, side elevation. 

Side elevation, horizontal plan, ditto. 

Longitudinal section. 

Horizontal plan of mill-house and 
boilers. 

Transverse section through engine- 
house and mill. 

Boilers, longitudinal and transverse 
sections, front view. 

Section through mill* stones, elevation 
of upper part, section of lower part, 
plan of hopper, Ac. 


SUMMARY OF THE ILLUSTRATIONS. 


"Vol. I. 

Locomotive Engines ..... 

Plate*. 

41 

Wood-cute, 

55 

II. 

Marine Engines ...... 

85 

51 

111. 

Stationary Engines, Pumping Engines, Engines 
for Flour-Mills, Examples of Boilers, Ac., &c. . 

100 

58 


Total ... 

226 

164 


FULL-LENGTH PORTRAIT OF 

HENRY CAVENDISH, F.R.S. 

Some few India paper proofs, before the letters, of this celebrated 
Philosopher and Chemist, to be had, price 2s. 64, 
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HINTS 

TO 

YOUNG ARCHITECTS: 

COMPRISING* 

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ARE DESTINED 
TO THE PROFESSION; 

TO SUCH AS, HAYING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAYEL 

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION, 

ARE ABOUT TO PRACTISE: 

TOOETHEB WITH 

A MODEL SPECIFICATION: 

INVOLVING A GREAT VARIETY OP INSTRUCTIVE AND SUGGESTIVE MATTER, 
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS; 

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE 
AGENTS OP THEIR EMPLOYERS, 

AND AS THE RIGHTFUL JUDGES OP A CONTRACTOR’S DUTY. 


By GEOKGE WIGHT WICK, Architect. 

CONTENTS *. — 


Preliminary Hints to Young Archi- 
tects on the Knowledge of 
Drawing. 

On Serving his Time. 

On Travelling. 

His Plate on the Door. 

Orders, Plan-drawing. 

On his Taste, Study of Interiors, 
Interior Arrangements. 

Warming and Ventilating. 

House Building, Stabling. 

Cottages and Villas. 

Model Specification : — 

General Clauses. 

Foundations. 

Well 

Artificial Foundations. 
^Brickwork. 

Babble Masonry with Brick 
Mingled. 


Model Specification : 

Stone-cutting. 

, Grecian or Italian only. 

— — , Gothic only. 
Miscellaneous. 

Slating. 

Tiling. 

Plaster and Cement-work. 
Carpenters’ Work. 

Joiners’ Work. 

Iron and Metal-work. 

Plumbers' W ork. 

Drainage. 

Well-digging. 

Artificial Levels, Concrete, 
Foundations, Piling and 
Planking, Paving, Vaulting, 
Bell-hanging, Plumbing, and 
Building generally. 


Extra doth boards, price Ci. 
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ASTRONOMICAL ANNUAL FOR 1854. 

OOMPEISING 

I. The Ephemerides. 

IL On the C!ometie Mysteries, by Professor A. Crestadora, with Plates. 
III. Notice of the Biography of J. S. Bailly. 

Price U. 


THE WORK ON 

BRIDGES OF STONE, IRON, TIMBER, 
AND WIRE. 

In 4 Vols., bound in 3 , described in the larger Catalogue of Publications ; to 
which the following is the Supplement, now completed, entitled 

SUPPLEMENT TO “ THE THEORY, PRACTICE, AND 
ARCHITECTURE OF BRIDGES OF STONE, IRON, 
TIMBER, WIRE, AND SUSPENSION,” 

In one large 8vo volume, with explanatory Text and 68 Plates, comprising 
details and measured dimensious, in Parts as follows : — 


Part I. . 

. . . 65. 

w IL 

65. 

M IIL . . 

. . . 65. 

„ IV. . . 

. . . 10a. 

» Y. & VI. . 

. . 20a 


Bound in half-morocco, uniform with the larger work, price 21 , 105., or in a 
different pattern at the same price. 


LIST OF PLATES. 


Cast-iron girder bridge, Ashford, Rye 
and Hastings Railway. 

Details, ditto. 

Elevation and plan of truss of St. 
Mary’s Viaduct, Cheltenham Rail- 
way. 

Iron road bridge over the Railway at 
Chalk Farm. t 


Mr. Fairbairn’s hollow-girder bridge 
at Blackburn. 

Waterford and Limerick Railway truss 
bridge. 

Hollow-girder bridge over the River 
Medlock. 

Railway bridge over lagunes* of 
Venice. 
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BRIDGES OF STORE, &C. 


Viaduct at Beangency, Orleans and 
Tours Railway. 

Oblique cast-iron bridge, on the system 
of M. Polonceau, over the Canal St. 
Denis. 

Blackwall Extension Railway, Com- 
mercial Road bridge. 

Ditto, enlarged elevation of outside 
girders, with details. 

Ditto, details. 

Ditto, ditto, and sections. 

Ditto, ditto, ditto. 

Richmond and Windsor main line, 
bridge over the Thames. 

Ditto, details. 

Ditto, ditto, and sections. 

Orleans and Bordeaux Railway bridge. 

Ditto, sections and details. 

Rouen and Havre Railway timber bridge. 

Ditto, details. 

Ditto, ditto, and sections. 

Viaduct of the Valley of Malauncey, 
near Rouen. 

Hoop-iron suspension bridge over the 
Seine at Suresne, department de la 
Seine. 

Hoop-iron suspension foot bridge at 
Abainville. 

Suspension bridge over the Douro, iron 
wire suspension cables. 

Ditto, details. 

Glasgow and South-Western Railway 
bridge over the water of Ayr. 

Ditto, sections and details. 

Plan of the cities of Ofen and Pesth. 

Sections and soundings of the River 
Danube. 

Longitudinal section of framing. 

No. 1 coffer-dam. 

Transverse framing of coffer-dam. 

Sections of Nos. 2 and 3 of coffer-dam. 

Plan of No. 3 coffer-dam and ice- 
breakers. 

Plan and elevation of the Construction 
of the scaffolding, and the manner of 
hoisting the chains. 


Line of soundings, — dam longitudinal 
sections. 

Dam sections. 

Plan and elevation of the Pesth suspen- 
sion bridge. 

Elevation of Nos. 2 and 3 coffer-dams. 

End view of ditto. 

Transverse section of No. 2 ditto. 

Transverse section of coffer-dam, plan 
of the 1st course, and No. 3 pier. 

Vertical section of Nos. 2 and 3 piers, 
showing vertical bond-stones. 

Vertical cross section of ditto. 

Front elevation of Nos. 2 and 3 piers. 

End elevation of ditto. 

Details of chains. Ditto. 

Ditto and plan of nut, bolt, andretain- 
ing-links. 

Plan and elevation of roller-frames. 

Elevation and section of main blocks 
for raising the chains. 

Ditto, longitudinal section of fixture 
pier, showing tunnel for chains. 

Plan and elevation of retaining-plates, 
showing machine for boring holes for 
retaining-bars. 

Retaining link and bar. 

Longitudinal plan and elevation of cast- 
iron beam with truss columns. 

Longitudinal elevation and section of 
trussing, &c. 

Plan of pier at level of footpath. 

Detail of cantilevers for supporting the 
balconies round the towers. 

Elevation and section of cantilevers. 

Detail of key-stone & Hungarian arms. 

Front elevatidn of toll-houses and wing 
walls. 

Longitudinal elevation of toll-house, 
fixture pier, wing wall, and pedestal. 

Vertical section of retaining-piers. 

Section at end of fixture pier, showing 
chain-holes. 

Lamp and pedestal at entrance of 
bridge. 

Lamp and pedestal at end of wing walla. 


Separately sold from the above in & volume, price half-bound in morocco dSl. 12*. 

An ACCOUNT, with Illustrations, of the SUSPENSION 
BRIDGE ACROSS the RIVER DANUBE, 

BY WILLIAM TIERNEY CLARK, C.E., F.R.&. 

With Forty Engravings, 
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THE 1 ENGINEER'S AND CONTRACTOR'S 
: - s - EOCEET BOOK, 

WITH AN ASTRONOMICAL ALMANACK, 

REVISED FOR 1854. In morocco tuck, price 6*. 

CONTENTS. 


Apt* Air in motion (or wind), and wind- 

milk. 

Alloys for bronze ; Miscellaneous alloys 
and compositions ; Table of alloys ; 
Alloys of copper and zinc, and of 
copper and tin. 

Almanack for 1852 and 1853. 

American railroads ; steam vessels. 

Areas of the segments of a circle. 

Armstrong (R.), his experiment on 
boilers. 

Astronomical phenomena. 

Ballasting. 

Barlow's (Mr.) experiments. 

Barrel drains and culvertB. 

Bell-hanger's prices. 

Blowing a blast engine. 

Boilers and engines, proportions of; 
Furnaces and chimneys ; Marine. 

Bossut's experiments on the discharge 
of water by horizontal conduit or 
conducting pipes. 

Brass, weight of a lineal foot of, round 
and square. 

Breen (Hugh), his almanack. 

Bricks. 

Bridges and viaducts ; Bridges of brick 
and stone; Iron bridges; Timber 
bridges. 

Burt’s (Mr.) agency for the sale of pre- 
served timber. 

Cask and malt gauging. 

Cast-iron binders or joints; Columns, 
formulae of; Columns or cylinders, 
Table of diameter of; Hollow co- 
lumns, Table of the diameters and 
thickness of metal of ; Girders, prices 
of; Stancheons, Table of, strength 
of. 

Chairs, tables, weights, Ac. 

Chatburn limestone. 

Chimneys, Ac., dimensions ot 

Circumferences, Ac. of circles. 

Coal, evaporating power of, and results 
of coking. 

Columas, cast-iron, weight or pressure 
of, strength of. 


Comparative values between the pre- 
sent and former measures of capacity; 

Continuous bearing. 

Copper pipes, Table of the weight 
Table of the bore and weight of cocks 
for. 

Copper, weight of a lineal foot of, round 
and square. 

Cornish pumping engines, 

Cotton mill ; Cotton press. 

Current coin of the principal commercial 
countries, with their weight and re- 
lative value in British money. 

Digging, well-sinking, Ac. 

Docks, dry, at Greenock. 

Draining by steam power. 

Dredging machinery. 

Dwarf, Table of experiments with 
H. M. screw steam tender. 

Earthwork and embankments, Tables 
of contents, &c. 

Experiments on rectangular bars of 
malleable iron, by Mr. Barlow ; on 
angle and T iron bars. 

Fairbairn (Wm.), on the expansive 
action of steam, and a new construc- 
tion of expansion valves for condens- 
ing steam engines. 

Feet reduced to links and decimals. 

Fire-proof flooring. 

Flour-mills. 

Fluids in motion. 

Francis ( J. B., of Lowell, Massacbusets), 
his watcr-wbeel. 

French measures. 

Friction. 

Fuel, boilers, furnaces, Ac. 

Furnaces and boilers. 

Galvanized tin iron sheets in London 
or Liverpool, list of gauges and 
weights of. 

Gas-tubing composition. 

Glynn (Joseph), F.R. S., on turbine 
water-wheels. 

Hawksby (Mr., of Nottingham), hia 
experiments on pumping water* 

Heat, Tables of the effects of. 
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Hexagon beads and nuts for belts, pro* 
portions! sizes and weights of. 

Hick’s rufc for calculating the strength 
of shafts. 

Hodgkinson’s (Eaton) experiments. 

Hungerford Bridge. 

Hydraulics. 

Hydrodynamics. 

Hydrostatic press. 

Hydrostatics. 

Imperial standard measures of Great 
Britain; Iron. 

Indian Navy, ships of war, and other 
vessels. 

Institution of Civil Engineers, List of 
Members of the, corrected to March 
15, 1852. 

Iron halls, weight of cast ; ban, angle 
and T, weight of ; castings ; experi- 
ments; hoOp, weight of 10 lineal 
feet; lock gates; roofs; tubes for 
locomotive and marine boilers ; 
weights of rolled iron. 

Ironmonger’s prices. 

Just's analysis of Mr. Dixon Robinson’s 
limestone. 

Latitudes andlongitudes of the principal 
observatories. 

Lead pipes, Table of the weights of. 

Leslie (J.), C.E. 

Lime, mortar, cements, concrete, &c. 

Limestone, analysis of. 

Liquids in motion. 

Locomotive engines; Table showing 
the speed of an engine. 

Log for a sea-going steamer, form of. 

Machines and tools, prices*of. 

Mahogany, experiments made on the 
strength of Honduras. [wheels. 

Mallet’s experiments on overshot 

Mariue boilers ; engines. 

Masonry and stone-work. 

Massachusets railroads. 

Mensuration, epitome of. 

Metals, lineal expansion of. 

Morin’s (Col.) experiment. 

Motion ; morion of water in rivers. 

Nails, weight and length. 

Navies — of the United States; Indian 
Navy ; Oriental and Peninsular Com- 
pany; British Navy; of Austria; 
Denmark; Naples; Spain; France; 
Germanic Confederation; Holland ; 
Portugal; Prussia; Sardinia; Swe- 


den nod Norway; Turkey; Russia 
Royal West India Mail Company’s 
fleet. 

New York, State of; railroads. 

Numbers, Table of the fourth and fifth 
power of. 

Paddle-wheel steamers. 

Pambour (Count de) and Mr. Parked 
experiments on boilers for the pro- 
duction of steam. 

Peacocke’s (R. A.) hydraulic experi- 
ments. 

Pile-driving. 

Pitch of wheels. Table to find the dia- 
meter of a wheel for a given pitch of 
teeth. 

Plastering. 

Playfair (Dr. Lyon). 

Preserved timber. 

Prices for railways, paid by H. M. 
Office of Works $ smith and founder’s 
work. 

Prony’8 experiments. 

Proportions of steam engines and boil- 
ers. 

Pumping engines; pumping water by 
steam power. 

Rails, chairs, &c., Table of. 

Railway, American, statistics; railway 
and building contractor’s prices ; car- 
riages. 

Rain, Tables of. 

Rararaell’s (T. W.) plan and estimate 
for a distributing apparatus by fixed 
pipes and hydrants. 

Rennie’s (Mr. Geo.) experiments ; (the 
late J.) estimate. 

Roads, experiments upon carriages tra- 
velling on ordinary roads ; influence 
of the diameter of the wheels; 
Morin’s experiments on the traction 
of carriages, and the destructive ef- 
fects which they produce upon roads. 

Robinson (Dixon), his experiments and 
material. 

Roofs ; covering of roofs. 

Ropes, Morin’s recent experiments on 
the stiffness of ropes; tarred ropes; 
dry white ropes. 

Saw-milL 

Screw steamers. 

Sewage manures. 

Sewers, castings for* thefe estiifialet, 
Ac. 
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TH >X6WS , S anr conthactorV socket book. 

Sips and abbreviation* used in arith- discharge through tbia-lipped ori- 

mode and mathematical expressions. fices ; quantities of water, in cubic 

Slating. feet, discharged over a weir per 

Sleepers, quantity in cubic feet, &e minute, hour, &c. ; relative weight 

Smeaton’s experiments on wind-mills. and strength of ropes and chains ; 

Smith and founder's prices. results of experiments on the friction 

Specific gravity, Table of. of unctuous surfaces ; scantlings of 

Steam dredging; Navigation; Tab*les posts of oak; size and weight of iron 

of the elastic force ; Table of Vessels laths ; weight in fos. required to crush 

of war, of America ; of England; of l£-inch cubes of stone, and other 

India; and of several other maritime bodies; weight of a lineal foot of 

nations. cast-iron pipes, in ibg. ; weight of a 

Steel, weight of round steel. lineal foot of flat bar iron, in fts»; 

Stone, per lb., stone, qr., cwt., and ton, weight of a lineal foot of square and 

Sec., Table of the price. round bar iron ; weight of a super- 

Stones. fieial foot of various metals, in lbs. ; 

Strength of columns; Materials of con- weight of modules of elasticity of 

struction. various metals ; velocities of paddle- 

Sugar-mill. wheels of different diameters, in feet 

Suspension aqueduct over the Alleghany per minute, and British statute miles, 

River; Bridges over ditto. per hour; the dimensions, cost, and 

Table of experiments with H. M. screw price per cubic yard, of ten of the 

steam tender Dwarf j of gradients ; principal bridges or viaducts built 

iron roofs; latent heats; paddle- for railways ; the. height of the boil- 

wheel steamers of H. M. Service and ing point at different heights; — to 

Post-Office Service ; pressure of the find the diameter of a wheel for a 

wind moving at given velocities ; given pitch of teeth, &c. 
prices of galvanized tinned iron Tables of squares, cubes, square and 
tube ; specific heats ; the cohesive cube roots, 
power of bodies ; columns, posts, &c., Teeth of wheels, 
of timber and iron ; the comparative Temperature, the relative indications of, 
strength, size, weight, and price of by different thermometers, 
iron-wire rope (A. Smith's), hempen Thermometers, Table of comparison of 
rope, and iron chain; corresponding different. 

velocities with heads of water as Timber for carpentry and joinery pur- 
high as 50 ft., in feet and decimals ; poses ; Table of the properties of 
dimensions of the principal parts of different kinds of. 
marine engines ; effects of heat on Tin plates, Table of the weight of. 
different metals ; elastic force of Tools and machines, prices of. 
steam ; expansion and density of Traction, Morin’s experiments on. 
water; expansion of solids by in- Tredgold's Rules for Hydraulics, from 
creasing the temperature ; expan- Eytelwein’s Equation, 
lion of water by heat ; heights cor- Turbines, Report on, by Joseph Glynn 
responding to different velocities, in and others. 

French metres ; lineal expansion of Values of different materials, 
metals; motion of water, and quan- Water-wheels, 
tities discharged by pipes of dif- Watson's (H. II.) analysis of limestone 

ferent diameters ; power of metals, from the quarries at Chatburn. 

&c.; pressure, &c., of wind-mill sails; Weight of angle and T iron bars; of 

principal dimensions of 28 merchant woods, 
steamers with screw propellers ; of Weights and measures, 
steamers with paddle-wheels ; pro- West India Royal Mail Company, 
grewnve, dilatation of metals by heat, Whitel&w’s experiments on turbine 
pxoptrtioij of real to theoretics water-wheels. 
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Til EfcGINMUffi AND CONTRACTOR*# POCKET BOOK. 


'White’s (Mr,, of Cowes) experiments 
on Honduras mahogany. 

Wicksteed's (Thos.) experiments on 
the evaporating power of different 
hinds of coal. 


Wfakf-miSi; of air, air in morion* Ac. 
Wood*. 

Wrought iron, prices of. 

Zinc as a material for use in house- 
building. 


In one Volume 8vo, extra doth, bound, price 9s. 

THE STUDENT’S GUIDE TO THE PRACTICE 
OE DESIGNING, MEASURING, AND VALUING 
ARTIFICERS’ WORKS; 

Containing Directions for taking Dimensions, abstracting the same, 
and bringing the Quantities into Bill ; with Tables of Constants, 
and copious memoranda for the Valuation of Labour and Materials 
in the respective trades of Bricklayer and Slater, Carpenter and 
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Humber, Painter and Glazier, Paper-hanger. Thirty-eight {dates 
and wood-cuts. 

The Measuring, &c., edited by Edward Dobson, Architect and 
Surveyor. Second Edition, with the additions on Design by 
E. Lacy Garbett, Architect. 


CONTENTS. 


Preliminary Observations on De- 
signing Artificers’ Works. 

Preliminary Observations on Mea- 
surement, Valuation, Ac. — On mea- 
suring — On rotation therein — On 
abstracting quantities — On valuation 
—On the use of constants of labour. 

BRICKLAYER AND SLATER. 

Design of Brickwork — technical 
terms, Ac. 

Foundations — Arches, inverted 
and erect — Window and other aper- 
ture heads — Window jambs — Plates 
and internal cornices — String- 
courses — External cornices — Chim- 
ney shafts — On general improvement 
of brick architecture, especially fe- 
nestration. 

Measurement. 

Of diggers’ work — Of brickwork, 
of facings, Ac. 

Design of Tiling, and technicalterms. 

Measurement of Tiling — Example 
of the mode of keeping the measuring- 
book for brickwork. 


Abstracting Bricklayers’ and Tilers’ 
work. 

Example of bill of Bricklayers’ and 
Tilers’ work. 

Valuation of Bricklayers’ work, 
Earthwork, Concrete, Ac. 

Table of sizes and weights of vari- 
ous articles — Tables of die numbers 
of bricks or tiles in various works — 
Valuation of Diggers’ and Bricklayers’ 
labour — Table of Constants for B&id 
labour. 

Examples of Valuing. 

1. A yard of concrete. — 2. A rod 
of brickwork. — 3. A foot of facing. — 
4. A yard of paving. — 5. A square of 
tiling. 

Design, Measurement, anb Valu- 
ation of Slating. 

CARPENTER AND JOINER. 

Design of Carpentry — technical 
terms, Ac. 

Brestsummers, an abuse: substi- 
tutes for them — Joists, trimmers, 
trimming-joists — Girders, tbstr abuse 
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. titions — Roof-framing — Great waste 
in present *mmon modes of, roof- 
framing — To determine the right 
mode of subdividing the weight, and 
the right' numbers of bearers fbr 
leaded roofs —The same Tor ether 
roofs — Principle of the truss — Con- 
siderations that determine its tight 
pRtfh— Internal filling or tracery of 
trusses — Collar-beam trusses — Con- 
nection of the parts of trusses — Vari- 
ations on the truss; right limits 
thereto — To avoid fallacious trussing 
and roof-framing — Delorme’s roof- 
ing ; its economy on Circular plans— 
Useful property of regular polygonal 
plans — On combinations of roofing, 
nips, and valleys — On gutters, their 
use and abuse — Mansarde or curb- 
roofs. 

Design of Joinery — technical terms, 
&c. 

Modes of finishing and decorating 
panel-work — Design of doors. 

Measurement of Carpenters’ and 
Joiners’ work — Abbreviations. 

Modes of measuring Carpenters’ 
work — Classification of labour when 
measured with the timber — Classifi- 
cation of labour and nails when mea- 
sured separately from the timber. 

Examples of Measurement, arch 
centerings. 

Bracketing to sham entablatures, 
gutters, sound - boarding, chimney- 
grounds, sham plinths, shorn pilas- 
ters, floor-boarding, mouldings — 
Doorcases, doors, doorway linings — 
Dado or sorbase, its best construc- 
tion— Sashes and sash-frames (ex- 
amples of measurement)— Shutters, 
boxings, and other window fittings 
— Staircases and their fittings. 

Attracting Carpenters’ and Joiners 1 
work. 

Example of Bill of Carpenters’ and 
Joiners’ work. 

Valuation of Carpenters* and Joiners’ 
work, Memoranda. 

Tables of numbers and weights. 

Tables op Constants of Labour. 

Roofs, naked floors — Quarter-par- 
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| titions — Labour on fir, per foot cube 

— Example of the valuation of deals 
or battens — Constants of 1 abooroh 

I deals, per foot superficial; ■ 1 ’ 

Constants of Labour, and Of nattst 
separately. 

On battening, weather boarding— 
Rough boarding, deal floors, batten 
floors. 

Labour and Kails together. 

On grounds, skirtings, gutters? 
doorway-linings — Doors, framed par- 
titions, moulding 8 — Window-fittings 
— Shutters, sashes and frames, stair- 
cases — Staircase fittings, wall-strings 
— Dados, sham columns and pilasters. 

Valuation of Sawyers’ work. 

MASON. 

Design of Stonemasons’ work. 

Dr. Robison on Greek and Gothic 
Architecture — Great fallacy in the 
Gothic ornamentation, which led also 
to the modem ‘monkey styles’ — 

* Restoration ’ and Preservation. 

Measurement of Stonemason’s work. 

Example of measuring a spandrii 
step, three methods — Allowance for 
labour not seen in finished stone — 
Abbreviations — Specimen of the 
measuring-book — Stairs — Landings 
— Steps — Coping — String-courses — 
Plinths, window-sills, curbs — Co- 
lumns, entablatures, blockings — 
Cornices, renaissance niches. 

Abstracting and Valuation. 

Table of weight of stone— Table 
of Constants of Labour — Example 
of Bill of Masons’ work. 

PLASTERER. 

Design of Plaster-work in real 
and mock Architecture. 

Ceilings and their uses — Unne- 
cessary disease and death traced to 
their misconstruction — Sanitary re- 
quirements for a right ceiliiig — Con- 
ditions to be observed to render do- 
mestic ceilings innoxious — Ditto, for 
ceilings of public buildings — Bar- 
barous shifts necessitated by wrong 
coiling — Technical terms in Plas- 
terers’ work. 

Measurement of Plaster-work. 
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DESIGNING, MEASURING, AND VALUtim ASfrtFlCEBS* 

Abbreviations — Abstracting of 
Plasterers’ work— Example of Bill 
of Plasterers* work. 

Valuation. 

Memoranda of quantitie* of ma- 
teriala — Constants of Labour. 

SMITH AND FOUNDER. 

Ok the Use or Mktal-work ix 
Architecture. 

Iron net rightly to be used much 
more now than in the middle ages — 

Substitutes for the present extrava- 
gant use of iron — Fire-proof (and 
sanitary) ceiling and flooring — Fire- 
proof roof-framing in brick and iron 
— Another method, applicable to 
hipped roofs — A mode of untrussed 
roof-framing in iron only — A prin- 
ciple for iron trussed roofing on any 
plan or scale — Another variation 
thereof — On the decoration of me- 
tallic architecture. 


In 12mo., price 5s. hound and lettered, 

THE OPERATIVE MECHANIC’S WORKSHOP 
COMPANION, AND THE SCIENTIFIC 
GENTLEMAN’S PRACTICAL ASSISTANT; 

Comprising a great variety of the most useful Rules in Mechanical 
Science, divested of mathematical complexity; with numerous 
Tables of Practical Data and Calculated Results, for facilitating 
Mechanical and Commercial Transactions. 

BY W. TEMPLETON, 

AUTHOR OF SEVERAL SCIENTIFIC WORKS. 

Third edition, with fhe addition of Mechanical Tables for the use 
of Operative Smiths, Millwrights, and Engineers ; and practical 
directions for the Smelting of Metallic Ores. 


2 vols. 4to, price £ 2. 16*., 

CARPENTRY AND JOINERY; 

Containing 190 Plates ; a work suitable to Carpenters and Builders, 
comprising Elementary and Practical Carpentry, useful to Artifice** 
in the Colonies, 


Measurement of fenriths* and Foun- 
der** work. 

PLUMBER, PAINTER, 
GLAZIER, Ac. 

Dxoigk, &c* or Lead-work. 

Measurement of Paint-work — 
Abbreviations. 

Specimen of the measuring-book 
—Abstract of Paint-work— Example 
of Bill of Point-work. 

Valuation of Paint-work. 

Constants of Labour — Measure- 
ment and Valuation of Glazing— 
Measurement and Valuation pf 
Paper-hanging. 

APPENDIX ON WARMING. 

Modifications of sanitary construction 
to suit the English open fire — 
More economic modes of warming in 
public buildings — Ditto, for private 
ones — Warming by gas. 
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THE AIDE - MEMOIRE TO THE MILITARY 
SCIENCES, 

Framed from Contributions of Officers of tbe different Services, and 
edited by a Committee of the Corps of Royal Engineers. The 
work is now completed. 

Sold in 3 vols. £ 4. 10*,, extra cloth boards and lettered, or in 6 Parts, as follows ; 


rt L 

A. to D. f NEW EDITION 

. . 0 14 

0 

II. 

D. to F. 


. . 0 16 

0 

III. 

F. to M. . 


. . 0 16 

0 

IV. 

M. to P. . 


. 0 14 

6 

V. 

P. to R. . 


. 0 16 

a 

VI. 

R. to Z. . . 


. . 1 0 

0 
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In 1 large Volume, with numerous Tables, Engravings, and Cuts, 

A TEXT BOOK 

For Agents, Estate Agents, Stewards, and Private Gentlemen, 
generally, in connection with Valuing, Surveying, Building, 
Letting and Leasing, Setting out, disposing, and particularly 
describing all kinds of Property, whether it be Land or Personal 
Property. Useful to 

Auctioneers Assurance Companies Landed Proprietors 

Appraisers Builders Stewards 

Agriculturists Civil Engineers Surveyors 

Architects Estate Agents Valuers, &c. 


In 1 voL large 8vo, with 13 Plates, price One Guinea, in half-morocco binding, 

MATHEMATICS FOR PRACTICAL MEN: 

Being a Common-Place Book of PURE AND MIXED MATHE- 
MATICS ; together with the Elementary Principles of Engineering; 
designed chiefly for the use of Civil Engineers, Architects, and 
Surveyors. 

BY OLINTHUS GREGORY, LL.D., F.R.A.S. 

Third Edition, revised and enlarged by HENRY LAW, Civil Engineer. 


, CONTENTS. 

PART L — PURE MATHEMATICS. 


CHAPTER I. — ARITHMETIC. 

Sect. 

1. Definitions and notation. 

2. Addition of whole numbers. 

3. Subtraction of whole numbers. 

4. Multiplication of whole numbers. 


Sect. 

5. Division of whole numbers. — 

Proof of the first four rules of 
Arithmetic. 

6. Vulgar fractions. — Reduction of 

vulgar fractions.— Addition and 
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MATHEMATICS FOR 

Sect. 

subtraction of vulgar fr a ctions. 

— Multiplication and division 
of vulgar fractions. 

7. Decimal fractions. — Reduction of 

decimals. — Addition and sub- 
traction of decimals. — Multipli- 
cation and division of decimals. 

8. Complex fractions used in the arts 

and commerce. — Reduction. — 
Addition. — Subtraction and 
multiplication. — Division. — 
Duodecimals. 

9. Powers mid roots. — Evolution. 

10> Proportion. — Rule of Three. — De- 
termination of ratios. 

11. Logarithmic arithmetic. — Use of 

the Tables. — Multiplication and 
division by logarithms. — Pro- 
portion, or the Rule of Three, 
by logarithms. — Evolution and 
involution by logarithms. 

12. Properties of numbers. 

CHAPTER II. — ALGEBRA. 

1. Definitions and notation. — 2. Ad- 
dition and subtraction. — 3. Mul- 
tiplication. — 4. Division. — 3. In- 
volution/ — 6. Evolution. — 7. 
Surds. — Reduction. — Addition, 
subtraction, and multiplication. 
— Division, involution, and evo- 
lution. — 8. Simple equations. — 
Extermination. — Solution of 
general problems. — 9. Quadratic 
equations. — 10. Equations in 
general. — 11. Progression. — 
Arithmetical progression. — Geo- 
metrical progression. — 12. Frac- 
tional and negative exponents. — 

13. Logarithms. — 14. Computa- 
tion of formulae. 

CHAPTER III. — GEOMETRY. 

1. Definitions. — 2. Of angles, and 
right lines, and their rectangles. 

PART II.— MIXED 

CHAPTER!. — MECHANICS IN GENERAL. 
CHAPTER II. — 8TATICS. 

1. Statical equilibrium. 

2. Centre of gravity. 

3. General application of the princi- 

ples of statics to the equilibrium 


PRACTICAL MEN. 

Sect. 

— 3. Of triangles.— 4. Of qua- 
drilaterals and polygons.— 3. Of 
the circle, and inscribed and cir- 
cumscribed figures. — 6. Of plans 
and solids. — 7. Practical geo- 
metry. 

CHAPTER TV. — MENSURATION. 

1. Weights and measures. — 1. Mea- 

sures of length. — 2. Measures 
of surface. — 3. Measures of so- 
lidity and capacity. — 4. Mea- 
sures of weight. — 5. Angular 
measure. — 6. Measure of time. 
— Comparison of English and 
French weights and measures. 

2. Mensuration of superficies. 

3. Mensuration of solids. 

CHAPTER V. — TRIGONOMETRY. 

1. Definitions and trigonometrical 
formulae. — 2. Trigonometrical 
Tables. — 3. General proposi- 
tions. — 4. Solution of the cases 
of plane triangles. — Right-an- 
gled plane triangles. — 5. On the 
application of trigonometry to 
measuring heights and distances. 
— Determination of heights and 
distances by approximate me- 
chanical methods. 

CHAPTER VI. — CONIC SECTIONS. 

1. Definitions. — 2. Properties of the 
ellipse. — 3. Properties of the hy- 
perbola. — 4. Properties of the 
parabola. 

CHAPTER VII. — PROPERTIES OP 
CURVES. 

1. Definitions. — 2. The conchoid. — 
3. The cissoid. — 4. The cycloid 
and epicycloid. — 5. Tbs quadra- 
te. — 6. The catenary.— Rela- 
tions of Catenarian Curves. 

MATIJEMATICS. 

of structures. — Equilibrium of 
piers or abutments. — Pressure 
of earth against walls.— Thick- 
ness of walls. — Eqnttibri&m of 
polygons. —Stability of stfrm 
— Equilibrium of 
bridges. 
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MATHEMATIC* FOR PRACTICAL MEN. 


After. 


Sbct. 

CHAPTER Til. — MECHANICAL AGENTS. 


CHAPTER III. — DYNAMICS. 

1. General Definitions. 

2. On the general lews of uniform 

and variable motion. — Motion 
uniformly accelerated. — Motion 
of bodies under the action of 
gravity. — Motion over a fixed 
pulley f and on inclined planes. 

3. Motions about a fixed centre, or 

axis.— Centres of oscillation and 
percussion. — Simple and com- 
pound pendulums. — Centre of 
gyration, and the principles of 
rotation. — Central forces. 

4. Percussion or collision of bodies 

in motion. 

5. Mechanical powers. — Levers. — 

Wheel & axle. — Pulley. — In- 
clined plane. — Wedge and screw. 

CHAPTER IV. — HYDROSTATIC8. 

1. General Definitions. — 2. Pressure 
and equilibrium of Non-elastic 
Fluids. — 3. Floating Bodies. — 
4. Specific gravities. — 5. On 
capillary attraction. 

CHAPTER V. — HYDRODYNAMICS. 

1. Motion and effluence of liquids. 

2. Motion of water in conduit pipes 

and open canals, over weirs, 
&c. — Velocities of rivers. 

3. Contrivances to measure the velo- 

city of running waters. 

CHAPTER VI. PNEUMATICS. 

1. Weight and equilibrium of air and 

elastic fluids. 

2. Machines for raising water by 

the pressure of the atmosphere. 

3. Force of the wind. 


1. Water as a mechanical agent. 

2. Air as a mechanical agent. — Cou- 

lomb's experiments. 

3. Mechanical agents depending upon 

heat. The Steam Engine. — 
Table of Pressure and Tempera- 
ture of Steam. — General de- 
scription of the mode of action 
of the steam engine. — Theory 
of the same. — Description of 
various engines, and formulae for 
calculating their power: ptecti- 
cal application. 

4. Animal strength as a mechanical 

agent. 

CHAPTER VIII. — STRENGTH OF 
MATERIALS. 

1. Results of experiments, and prin- 

ciples upon which they should 
be practically applied. 

2. Strength of materials to resist 

tensile and crushing strain*.— 
Strength of columns. 

3. Elasticity and elongation of bodies 

subjected to a crushing or ten- 
sile strain. 

4. On the strength of materials sub- 

jected to a transverse strain. — 
Longitudinal form of beam of 
uniform strength. — Transverse 
strength of other materials than 
cast iron. — The strength of 
beams according to the manner 
in which the load is distributed. 

5. Elasticity of bodies subjected to a 

transverse strain. 

6. Strength of materials to resist 

torsion. 


APPENDIX. 

T. Table of Logarithmic Differences. 

II. Table #f Logarithms of Numbers, from I to 100. 

III. Table of Logarithms of Numbers, from 100 to 10,000. 

IV. Table of Logarithmic Sines, Tangents, Secants, &c. 

V. Table of Useful Factors, extending to several places of Decimals. 

VI. Table of various Useful Numbers, with their Logarithms. 

VII. Table of Diameters, Areas, and Circumferences of Circles, &c. 

VIII. Table of Relations of the Arc, Abscissa, Ordinate and Subnormal, in the Catenary. 

IX. Tables of the Lengths and Vibrations of Pendulums. 

X. Table of Specific Gravities. 

XI. Table of Weight of Materials frequently employed in Construction. 

XII. Principles of Chronometers. 

XIII. Select Mechanical Expedients. 

XIV. Observations on the Effect of Old London Bridge on the Tides, &C. 

XV. Professor Parish on Isometrical Perspective. 





